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REMARKS 

Entry of the foregoing, and further and favorable consideration of the claims, in light 
of the foregoing amendments and the following remarks, are respectfully requested. 

By the present amendment, Applicants have deleted material from the specification 
and have canceled Claims 55-57 without prejudice or disclaimer, purely for the purpose of 
expediting prosecution. Applicants do not agree with the Examiner's assertions regarding 
this subject matter, and reserve the right to pursue the same in a continuation or divisional 
application. 

Nonetheless, Applicants maintain that the above amendments to the specification 
should obviate the issues of priority, oath/declaration, drawings, specification and sequence 
disclosures. In addition, because Claims 55-57 have been canceled, the rejection of these 
claims under 35 U.S.C. §112, first paragraph is rendered moot. 

The Examiner also rejected Claims 48-51 , 53, 54, 56, 57, 59 and 60 as allegedly not 
being enabled for yeast alpha mating factors other than yeast alpha mating factor pre- 
sequence ending with arginine operably connected in translation reading frame to DNA 
encoding the mature human interferon alpha, and not other yeast alpha mating factor prepro 
sequences. This rejection is respectfully traversed. 

The Examiner asserts that "[t]he 'protein* recited in the claims that is secreted or 
recovered has been assumed to be mature protein since the only protein recited in the 
claims is encoded by DNA that encodes a 'mature protein'". However, there is no such 
limitation in the claims currently pending. Indeed, the claims presently under consideration 
require only that the expression vehicle comprises "a promoter sequence for yeast alpha 
factor operably connected to a DNA sequence encoding a protein heterologous the yeast" 
which is transformed with that expression vehicle (Claims 47, 52-53, 58-60) or "a DNA 
sequence encoding a pre-pro peptide of yeast alpha factor operably connected in translation 
reading frame to a DNA sequence encoding a protein heterologous to the yeast" (Claims 48- 
51, 54). The phrase "operably connected" means only that the alpha factor sequences are 
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connected to the heterologous DNA in such a way that the DNA gets expressed in proper 
reading frame. Hence, the currently pending claims encompass the production of both 
mature, and incompletely processed protein. As such, the Examiner's discussion regarding 
incompletely processed protein is irrelevant to the currently pending claims. Withdrawal of 
this rejection is therefore respectfully requested. 

The Examiner also rejected Claims 47-60 under 35 U.S.C. §1 02(e) and (g) as being 
allegedly anticipated by Brake et al U.S. Patent No. 4,870,008. This rejection is respectfully 
traversed. 

The Brake '008 patent refers to an earliest filing date of January 12, 1983. In the 
Singh v. Brake interference to which the Examiner refers, Singh provided evidence which 
demonstrated that by October 1, 1982, Singh had obtained successful expression of a 
protein using a construct as recited in the claims (i.e., a DNA sequence encoding a pre-pro 
peptide of yeast alpha factor operably connected in translation reading frame to a DNA 
sequence encoding a protein heterologous to the yeast). However, that protein contained N- 
terminal Glu-Ala sequences. The Board did not agree that Singh obtained properly 
processed "mature" protein prior to the filing date of Brake, and as such, Brake prevailed in 
the interference. However, the present claims do not exclude the production of such Glu- 
Ala-containing proteins, and thus, Singh's October 1, 1982 production of incompletely 
processed heterologous protein is a reduction to practice which antedates the Brake '008 
patent. Copies of the relevant documents and declarations from the interference are 
attached as an Appendix hereto. Withdrawal of this rejection is therefore respectfully 
requested. 

The Examiner also rejected Claims 47-54 and 58-60 under 35 U.S.C. §102(e) as 
being allegedly anticipated by Kurjan et al. This rejection is respectfully traversed. 

As the Examiner correctly noted, the present claims require that the yeast sequences 
are in proper translation reading frame to heterologous DNA. The Examiner alleges that 
Kurjan et al discloses yeast expression vehicles comprising a fusion of a segment of the 
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yeast alpha factor gene and heterologous DNA. However, the Examiner did not appreciate 
that Kurjan et al f which contains only prophetic examples, is not enabling for the production 
of heterologous proteins using yeast pre-pro sequences, because the methods described by 
Kurjan et al were not sufficient to produce heterologous proteins translated in the proper 
reading frame. 

Submitted herewith is a Declaration by Dr. Ronald Hitzeman, which attests to these 
facts. Dr. Hitzeman agrees with statements made by Dr. Brake during the prosecution of 
U.S. Application Serial No. 06/487,950, filed April 25, 1983 to Barr et al. Specifically, Dr. 
Hitzeman notes the following: 

7) In my professional opinion, the Kurjan et al. working examples 9a, 
9b and 9c are not enabling, and would not teach one of ordinary skill in the art 
how to successfully accomplish fusion of the alpha-factor gene with a gene 
coding for a precursor of somatostatin, with a gene for corticotropin, or with a 
gene for a precursor-enkephalin, nor would the description in these examples, 
if followed, provide results which would prove the utility of the yeast alpha- 
factor signal sequence for producing secreted mature heterologous proteins. 
The technical basis for my opinion is the following discussion of examples 9a f 
9b and 9c, pointing out defects which prevent these examples from being 
capable of achieving their stated purpose. 

A. Defects in Example 9a. Kurian et al. 

(1 ) Treatment of the Kurjan et al. RH1 fragment to fill-in the Hind llt 
cohesive ends (presumably by T4 DNA polymerase or Klenow enzyme) 
would result in filling-in both the Hind lll and EcoRI ends, thus destroying the 
Eco RI site by not allowing it to be reformed by hybridization to a 
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complimentary sticky end. Kurjan et al., Example 9a at column 10, line 68 to 
column 1 1 , line 5 says: 

"The cohesive end of the Hind lll site of this fragment is filled in enzymatically 
to produce a fragment denoted RH2 to be ligated to a segment of the 
somatostatin gene. The RH2 fragment is jointed to a Pstl-EcoRI fragment 
(denoted PE) from the sequence that codes for presomatostatin (Goodman et 
al.)" 

This step permanently destroys this EcoRI site at the same time as it fills in 
the Hind lll site on the R1-2 fragment. 

(2) The proposed fusion to the preprosomatostatin cDNA is made at a 
Pstl site which has been modified by poIy(dC), poly(dG) homopolymers, the 
exact length of which was not determined (Goodman et al., P.N.A.S. (1981) 
77:5869). Thus, there is only a 1/3 chance of the resulting presomatostatin 
fusion being in-frame for translation of the correct amino acid sequence. In 
addition, the polyG sequence and the three 5 1 nucleotides (AAG) will result in 
additional residues f(Gly) n -Lys] (where n is polyG nucleotides/3, GGG codes 
for Gly, AAG codes for Lys) between the alpha-factor leader and 
preprosomatostatin. Such residues can interfere with secretion of a fusion 
protein, particularly when additional charged amino acids, such as lysine, are 
present. 

(3) Blunt-end ligation of the fragments provides no way of ensuring 
the proper orientation in the ligation products and the fragments will be able to 
form linear and circular concatamers from which the desired products cannot 
be released by EcoRI digestion (since the EcoRI sites were destroyed by the 
fill-in reaction in (1) above). Twelve different orientations are equally possible 
for the blunt end ligation taking two DNA segments at a time. When larger 
DNA ligation chains form the number of possible orientations becomes 
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extremely large. The blocked EcoRI site means that it cannot be used to 
liberate the desired products in order to screen for the correct sequence in 
order to clone the correct sequence and ensure production of the correct 
product. 

(4) The Pstl ends are 3* overhangs and thus cannot be filled in 
because of the specificity of T4 DNA polymerase or Klenow enzyme. The 
Pst l ends must be rendered blunt by S1 nuclease digestion or by 3' 
exonuclease activity of T4 DNA polymerase or Klenow enzyme thus removing 
nucleotides. This is not discussed nor recognized by Kurjan et al. 

(5) There are three Pstl sites internal to the cDNA sequence, and 
thus a partial Pstl digest must be performed to generate the desired PE 
fragment. A complete digestion which is presumed from the statement in 
Kurjan et al., column 11, lines 2-8, would destroy the desired "PE" DNA 
segment. 

(6) Cleavage in the prosomatostatin sequence is at Arg-105, not Lys- 
105 as stated at line 28, column 11. 

B. Defects in Example 9b bv Kurian et al. 

(1) The same problems in using the blunt-end RH2 fragment to fuse to 
the SS fragment will occur as in example 9a, thereby creating a mixture of 
different species of product with additional amino acids at the amino terminal 
end. 

(2) The 3' Sma l site in the SS fragment ends in the middle of an Arg 
codon, therefore there will not be a proper translational termination signal in 
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the fusion protein resulting in translational read-through. Translational read- 
through of this gene fusion results in the synthesis of a longer protein with an 
unknown C-terminal extension creating a fusion-protein other than ACTH 
alone. The extra amino acids might be removed by proteolytic processing as 
proposed, however it is likely that the additional amino acids would also 
interfere with proper secretion of the fusion protein and if not removed could 
destroy the physiological activity of the ACTH. 

C. Defects in Example 9c bv Kurian et al. 

(1) The problems introduced by blunt-end ligation of the fragments 
would be even more severe in this example, since at least three fragments 
are being ligated making the formation of improperly oriented DNA ligations 
the far majority. There are no measures described which ensure proper 
orientation of the fragments or which allow release of the desired ligation 
product from linear ligation products to enable cloning into the appropriate 
plasmid vector since the EcoRI site has been permanently destroyed by filling 
in enzymatically. 

(2) Again, there is no translational stop codon introduced into the 3' 
fragment. Therefore, translational read-though will lead to the 
production of a fusion protein with an unknown C-terminal 
extension. Such extensions are known to interfere with proper 
secretion of the fusion protein and also change the character of 
the product produced from an enkephaline to a fusion peptide 
product containing an amino acid sequence of unknown length 
and composition which is not an enkephalin. 
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In light of the non-enabling nature of Kurjan et al for the production of heterologous 
proteins translated in proper reading frame, it is not an appropriate anticipating reference 
against the presently pending claims. Withdrawal of this rejection is therefore respectfully 
requested. 

The Examiner also rejected Claims 47-54 and 58-60 as being allegedly anticipated 
under 35 U.S.C. §102(e) by Brake et al U.S. Patent No. 4,914,026. This rejection is 
respectfully traversed. 

The Brake '026 patent refers to an earliest filing date of April 7, 1983. As such, the 
Brake '026 patent is also obviated by the evidence of reduction to practice of an embodiment 
within the scope of the present claims, prior to that date. Withdrawal of this rejection is 
therefore respectfully requested. 

The Examiner also rejected Claims 55-57 under 35 U.S.C. §103 as being purportedly 
unpatentable over Kurjan et al in view of Goeddel et al. In light of the cancellation of Claims 
55-57, this rejection is moot. 

Further and favorable action in the form of a Notice of Allowance is believed to be in 
order, and is earnestly solicited. 

If the Examiner has any questions regarding this amendment, or the application in 
general, she is encouraged to contact the undersigned directly so that prosecution may be 
expedited. 

Respectfully submitted, 

Burns, Doane, Swecker& Mathis, l.l.p. 



Date: June 8. 2004 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 



Sir: 



The undersigned, Ronald A. Hitzeman, does hereby declare and state that: 



1) I make the following declaration based upon my knowledge and belief. 



2) I received my Ph.D. in Biological Chemistry from the University of Michigan 
in 1977. Since that time, I have worked continuously on heterologous gene 
expression and secretion of heterologous (foreign to yeast) proteins by yeast. I have 
38 publications in prestigious scientific books and journals and have 9 issued U.S. 
patents, as well as corresponding foreign patents which are listed on my curriculum 
vitae, attached. 



fan l/a/oy 
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3) I directed the research at Genentech involving the isolation of the alpha 
factor gene (also independently isolated by Kurjan and Herskowitz) as well as a 
second alpha factor gene that they did not isolate. 

4) My present employment is as a consultant for companies with yeast 
heterologous gene and heterologous protein secretion problems independently and 
through Genotypes, Inc. of which I am the president. 

5) I have read and understand U.S. Patent No. 4,546,082 by Kurjan and 
Herskowitz from the Unversity of California in Berkeley, CA. 

6) I agree with the following statements made by Anthony J. Brake in a 
declaration under 37 C.F.R. 1.132 signed 7/23/86 in U.S. Application Serial No. 
06/487,950, filed April 25, 1983. 

7) In my professional opinion, the Kurjan et al. working examples 9a, 9b and 
9c are not enabling, and would not teach one of ordinary skill in the art how to . 
successfully accomplish fusion of the alpha-factor gene with a gene coding for a 
precursor of somatostatin, with a gene for corticotropin, or with a gene for a 
precursor-enkephalin, nor would the description in these examples, if followed, 
provide results which would prove the utility of the yeast alpha-factor signal 
sequence for producing secreted mature heterologous proteins. The technical basis 
for my opinion is the following discussion of examples 9a, 9b and 9c, pointing out 
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defects which prevent these examples from being capable of achieving their stated 
purpose. 

A. Defects in Example 9a, Kurian et al. 

(1 ) Treatment of the Kurjan et al. RH1 fragment to fill-in the Hind lll cohesive 

ends (presumably by T4 DNA polymerase or Klenow enzyme) would result in filling- 

in both the Hind lll and EcoRl ends, thus destroying the EcoRI site by not allowing it 

to be reformed by hybridization to a complimentary sticky end. Kurjan et al M 

Example 9a at column 10, line 68 to column 11, line 5 says: 

"The cohesive end of the Hind lll site of this fragment is 
filled in enzymatically to produce a fragment denoted 
RH2 to be ligated to a segment of the somatostatin gene. 
The RH2 fragment is jointed to a Pstl-EcoRI fragment 
(denoted PE) from the sequence that codes for 
presomatostatin (Goodman et al.)" 

This step permanently destroys this Eco RI site at the same time as it fills in the 

Hind lll site on the R1-2 fragment. 

(2) The proposed fusion to the preprosomatostatin cDNA is made at a Pst l 
site which has been modified by poly(dC), poly(dG) homopolymers, the exact length 
of which was not determined (Goodman et al., P.N.A.S. (1981 ) 77:5869). Thus, 
there is only a 1/3 chance of the resulting presomatostatin fusion being in-frame for 
translation of the correct amino acid sequence. In addition, the polyG sequence and 
the three 5' nucleotides (AAG) will result in additional residues [(Gly) n -Lys] (where n 
is polyG nucleotides/3, GGG codes for Gly, AAG codes for Lys) between the alpha- 
factor leader and preprosomatostatin. Such residues can interfere with secretion of 
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a fusion protein, particularly when additional charged amino acids, such as lysine, 
are present. 

(3) Blunt-end ligation of the fragments provides no way of ensuring the proper 
orientation in the ligation products and the fragments will be able to form linear and 
circular concatamers from which the desired products cannot be released by EcoRI 
digestion (since the EcoRI sites were destroyed by the fill-in reaction in (1) above). 
Twelve different orientations are equally possible for the blunt end ligation taking two 
DNA segments at a time. When larger DNA ligation chains form the number of 
possible orientations becomes extremely large. The blocked Eco RI site means that 

it cannot be used to liberate the desired products in order to screen for the correct 
sequence in order to clone the correct sequence and ensure production of the 
correct product. 

(4) The Pstl ends are 3' overhangs and thus cannot be filled in because of 
the specificity of T4 DNA polymerase or Klenow enzyme. The Pstl ends must be 
rendered blunt by S1 nuclease digestion or by 3' exonuclease activity of T4 DNA 
polymerase or Klenow enzyme thus removing nucleotides. This is not discussed nor 
recognized by Kurjan et al. 

(5) There are three Pstl sites internal to the cDNA sequence, and thus a 
partial Pstl digest must be performed to generate the desired PE fragment. A 
complete digestion which is presumed from the statement in Kurjan et al M column 
1 1 . lines 2-8. would destrov the desired "PE" DNA seament. 
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(6) Cleavage in the prosomatostatin sequence is at Arg-105, not Lys-105 as 
stated at line 28, column 11. 

B. Defects in Example 9b by Kurian et al. 

(1) The same problems in using the blunt-end RH2 fragment to fuse to the SS 
fragment will occur as in example 9a, thereby creating a mixture of different species 
of product with additional amino acids at the amino terminal end. 

(2) The 3' Sma l site in the SS fragment ends in the middle of an Arg codon, 
therefore there will not be a proper translational termination signal in the fusion 
protein resulting in translational read-through. Translational read-through of this 
gene fusion results in the synthesis of a longer protein with an unknown C-terminal 
extension creating a fusion-protein other than ACTH alone. The extra amino acids 
might be removed by proteolytic processing as proposed, however it is likely that the 
additional amino acids would also interfere with proper secretion of the fusion protein 
and if not removed could destroy the physiological activity of the ACTH. 

C. Defects in Example 9c bv Kurian et al. 

(1) The problems introduced by blunt-end ligation of the fragments would be 
even more severe in this example, since at least three fragments are being ligated 
making the formation of improperly oriented DNA ligations the far majority. There 
are no measures described which ensure proper orientation of the fragments or 
which allow release of the desired ligation product from linear ligation products to 
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enable cloning into the appropriate plasm id vector since the EcoRI site has been 
permanently destroyed by filling in enzymatically. 

(2) Again, there is no translational stop codon introduced into the 3' fragment. 
Therefore, translational read-though will lead to the production of a fusion protein 
with an unknown C-terminal extension. Such extensions are known to interfere with 
proper secretion of the fusion protein and also change the character of the product 
produced from an enkephaline to a fusion peptide product containing an amino acid 
sequence of unknown length and composition which is not an enkephalin. 

I, Ronald A. Hitzeman, declare that all statements made herein of my own 
knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 






ESUME AND CURRICULUM VITAE 

RONALD ARTHUR HITZEMAN, PH.D. 

President of Genotypes, Inc. 
Home and business address: 
15 Banff Way 
Pacifica, California 94044 
Home phone: (650) 355-2405 
Fax: (650) 359-3981 



The initial focus of Genotypes, Inc. is to work for other companies to help them solve 
specific product production problems on a contractual basis. Examples of problems to 
solve have been yield improvement of specific gene products (proteins for 
pharmaceutical applications) by production strain (microorganisms) changes as well as 
product quality improvement by modification of transcriptional, translational, or 
posttranslational pathways. More complex alterations or additions to biochemical 
pathways in yeast have been performed. The microorganisms focused on are mainly 
the yeast, Saccharomyces cerevisiae, (some familiarity with the yeast, Pichia pastoris) 
and various bacteria. The word, genotypes, refers to the genetic pedigree or 
characteristics of a living organism. Our experimentation involves making changes at 
the DNA level (in chromosomes and plasmids) using a combination of biochemistry, 
molecular biology, and genetics to manipulate and improve production microorganisms 
for pharmaceutical and industrial applications. Improved protein production strains of 
Saccharomyces cerevisiae and improved expression plasmids are available from 
Genotypes for licensing. 



PERSONAL 

Date of Birth: 
Citizenship: 
Marital Status: 

Present Position: 

EDUCATION 

Institution 

Purdue University 

The University of Michigan 

The University of Michigan 

The University of California 
at Santa Barbara 



May 2, 1948 
United States 

Married; with 29 year-old son, M.D. from UCLA, 
resident at Sutter General Hospital in Sacramento. 

President and Research Director of Genotypes, Inc., a 
consulting company located in the Bay Area 
(incorporated March 6th, 1992). 



Dates 

9/66 - 6/70 
9/71 - 5/73 
5/73 - 6/77 

7/77 - 5/80 



Degree 

B.S., Chemistry 
M.S., Biochemistry 
Ph.D., Biochemistry 
Supervisor: Dr. Alan R. Price 
Postdoctoral fellow 
Supervisor.Dr. John Carbon 



ACADEMIC HONORS 

Dean's List at Purdue University, 1966-1970 

Academic Award for graduating within the top 10% at Purdue University, 1970 
APPOINTMENTS 

Teaching Fellow, Department of Biochemistry, The University of Michigan, 1971-1975, 
USPHS, NIH Training Grant 5T01 GM00187-17. 

Teaching Assignments : 

Biochemistry for Nursing Students - fall 1972 

Biochemistry for Dental Students - winter 1972 

Biochemistry for Undergraduate and Graduate non-majors - fall 1973 

Biochemistry Undergraduate Course - fall 1974 

Graduate Student Research Assistant, The University of Michigan, 1975-1977, ERDA, 
Grant EY-76-S-02-2101. 

Damon Runyon-Walter Winchell postdoctoral fellow in the laboratory of Dr. John Carbon 
at The University of California, 1977-1979. 

Abbott Laboratories postdoctoral fellow in the laboratory of Dr. John Carbon at The 
University of California, August 1 , 1 979-May 31 , 1980. 

WORK EXPERIENCE: 

2000-present , r • . 

Consultant (as President of Genotypes) for separate companies 
helping with strain development, product development and 
improvement, and yield improvement: 

1) Sequoia Biotech - two GenenExers involved with probiotics 
development: 

Frank Hagie and Dr. Glen Nedwin - Genotypes will run a lab to 
develop yeast and bacteria for probiotic delivery of protein 
products. 

2) YPS (Yeast Protein Sciences)(for about 1 year) - production of 
pharmaceutical proteins in yeast, esp. human antibodies - 
Robert Leach headed this company - I have done some lab 
direction and bench work at Penn State University with a 
collaborator, Dr. Davis Ng. Company shut down 12/03 due to 
intellectual property problems. 

3) Nastech - I have worked as a consultant for years and research 
reviewer in April, 2003. The Company is developing a platform 
technology for d elivering b oth n ew s mall- a nd I arge m olecular 
drugs by nasal administration. CEO is Dr. Steven Quay. 

4) Patent work for Genentech 

5) Genotypes solely owns US patent # 6,670,154 B1 (listed as #10 
below, described reference 38) which describes the making of 
photosynthetic yeast for alcohol production. I am currently 
looking for someone to finance this work as well as to work on 
photosynthetic organisms to make alternative fuels. 
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March. 1992-2000 u j 

President of Genotypes, Inc., had a company lab located at 61 
Airport Blvd. (Suite B) in South San Francisco with its mission to 
supply research lab work as well as consulting advice to client 
biotech companies. This was a natural expansion of the work I 
have been doing for many years. Some of the clients I have 
worked with in the past supported this effort as well as new clients. 
See 1st page for more extensive mission. Had up to 9 people under 
my supervision. 

Jul..1991-Oct.. 1992 _,. . . £0i . 

Consultant and researcher for Strohtech, a division of Stroh 
Brewery. Also worked for Strohtech (now Apex Bioscience. Inc. ) 
through Genotypes . 

Jan..1991-Sept..1992 r a . o ' 

Consultant and directed researchers for Amylin in San Diego- 
peptide product yield improvement and product modification 
enhancement. 

Julv-Dec, 1990 ^ . . . 

Consultant for Phage (Pharmacia Genetic Engineering) and Kabi 
in San Diego. Ended due to shut down of facility by its owner 
company, Procordia, of Sweden. I was doing 1/2 time research at 
this facility and directing others. 

Jan.. 1990-Jan..1993 . . 

Visiting Scientist (part-time) at University of California, Berkeley, 

Department of Biochemistry, in lab of Dr. Clinton Ballou. Further 
study of yeast secretion/glycosylation mutants that were isolated at 
Genentech as well as many new mutant strains isolated at 
Berkeley. 

Oct.. 1989-Oct.. 1993 

Consultant for many other companies. 

October. 1989- Dec. 1990 

Consultant, Kabi Peptide Hormones. Worked at Kabi 
(Stockholm.Sweden) - November and December, 1989 - EGF and 
IGF-1 peptide yield improvement from yeast. 

October. 1989- present 

Consultant for Genentech. Patent work ongoing. 

June. 1980- Sept.. 1989 , li . x . 

Research Scientist at Genentech, Inc. (see publications 12-33, 
36, and all patents except 4 and 8-1 1 ) 

Dec. 1982- Sept.. 1989 

Senior Scientist, Department of Cell Genetics 

Genentech, Inc. 

460 Point San Bruno Boulevard 

South San Francisco, CA 
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June.1981 - Dec. 1982 

Scientist I, Department of Molecular Biology, 
Genentech, Inc. 

June 1980-June 1981 

Scientist II, Department of Molecular Biology, 
Genentech, Inc. 

Management Experience: 

I. I have managed from 2 to 9 people during my tenure as yeast lab director 
at Genentech (1980-Sept. 1989). Those reporting to me ranged from B.S. 
through Ph.D. degrees (postdoctoral fellows and more senior Ph. D.'s). I 
also was yeast project team leader for many years managing many 
different projects. 

II. At the same time at Genentech, I also directed a media preparation 
laboratory for about 3 years with 3-4 people. 

III. I have performed and managed research at Genotypes, managing from 4- 
9 people from 1 992-2000. I also have directed the company as president 
and visited other companies to negotiate research contracts as well as to 
consult. 

Some of Mv Research Collaborators: 

1 992- present Partial list of clients (some confidential): Pfizer, Inc., 
Cephalon, Apex Bioscience, Khepri, Collagen Corp., 
Cohesion Technologies, Icos Corporation, Corvas 
International, Canji, Nastech, YPS, and Sequoia Biotech. 

1990 - 1993 Isolation and characterization Dr. Clinton Ballou 

of yeast mutants that affect Dept. of Biochemistry 

glycosylation and golgi transport Barker Hall 

of secreted proteins Barker Hall. U.C. Berkeley 

1988 - 1990 Production and Function of Dr. Robert Farley 

Mammalian Na + /K + ATPase University of Southern 

in Yeast California, School of Medicine 

1987 - 1990 Growth Factor Secretion by Kabi Peptide Hormones 

Yeast Dr. Par Gellerfors, Sweden 

1983 - 1989 Human Serum Albumin Mitsubishi, Corp. 

Secretion by Yeast 

1 985 - 1 986 Human and Yeast Chimeric Drs. Arthur Riggs 

Phosphoglycerate Kinases and Maria Mas 
(Gene and Protein Function) City of Hope, Los Angeles 

1980-1981 Heterologous Gene Expression Drs. Benjamin Hall and 

in Yeast Gustav Ammerer 

University of Washington 
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REFERENCES: 



Dr. Richard A. Berg Previously with Collagen Corp., and 

Cohesion Technologies. 
Now with FzioMed, Inc. 

Vice President of Research and Development 1 70-A Granada Drive 

San Luis Obispo, CA 93401 
Phone: 805-546-0610 
Fax: 805-546-0571 
raberg@fzio.com 



Dr. John Carbon (Postdoctoral Director) 
Professor 

Biological Sciences 



University of California 
Department of Biological Sciences 
Santa Barbara, CA 93106 



Dr. Maurille J. Fournier 
Professor 

Biological Chemistry 

Dr. Dennis Henner 
Staff Scientist 

Vice President of Research 



Mr. Joseph De Angelo 
Vice President of Research 
Apex Bioscience, Inc. 



Dr. Pat Gray 

Senior Director of Science 



University of Massachusetts 
Department of Biochemistry 
Amherst, MA 01003 

Was at Genentech, Inc 
460 Point San Bruno Blvd. 
South San Francisco, CA 94080 
Now at MPM Capital, home:650-359- 
2199 

P.O. Box 12847 

Research Triangle Park 

North Carolina 27709-2847 

Phone: 919-405-4002 

Email: jdeangelo@apexbioscience.com 

Was with I COS Corporation 
22021 20th Ave. S.E. 
Bothell, Washington 98021 
Phone: 206-322-2286 
206-650-6765 



Ronald Hitzeman, Ph.D. 

President and CEO of Genotypes, Inc. - founded Genotypes in 1992. Previously, Dr. 
Hitzeman was a senior scientist at Genentech, Inc. for approximately nine years during 
which time he was the first scientist (in collaboration with scientists from the University 
of Washington) to successfully express a heterologous protein, Leukocyte Interferon, in 
yeast. This led to a major patent, "Expression of Polypeptides in Yeasts". Dr. Hitzeman 
received his doctorate in Biochemistry from The University of Michigan in 1977 and was 
a postoctoral fellow from 1977-1980 at UC Santa Barbara under the supervision of Dr. 
John Carbon, a leading yeast researcher in Molecular Biology. Dr. Hitzeman's list of 
publications and patents are as follows: 
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PUBLICATIONS 



1. Price, A.R., R. Hitzeman, J. Frato, and K. Lombardi. 1974. 
Rifampicin-Resistant Bacteriophage PBS2 Infection and RNA Polymerase in 
Bacillus subtilis. Nucleic Acid Res. 1: 1497-1502. 

2. Hitzeman, R.A. 1978. DNA Polymerase Induced by Bacillus subtilis 
Bacteriophage PBS2. Ph.D., dissertation. University of Michigan. 

3. Hitzeman, R.A., A.R. Price, J. Neuhard, and H. Mollgaard. 1978. 
Deoxyribonucleoside Triphosphates and DNA Polymerase in Bacteriophage 
PBS1 -Infected Bacillus subtilis. In DNA Synthesis; Present and Future 
(Molineaux, I.J., and Kohiyama, M., eds.) Plenum Press, New York. pp. 255-266. 

4. Hitzeman, R.A., A.N., Hanel, and A.R. Price. 1978. Dextran Sulfate as a 
Contaminant of DNA extracted from Concentrated Viruses and as an Inhibitor of 
DNA Polymerases. J. Virol. 27: 255-257. 

5. Hitzeman, R.A., and A.R. Price. 1978. Bacillus subtilis Bacteriophage PBS2- 
Induced DNA Polymerase; Its Purification and Assay Characteristics. J. Biol. 
Chem 253: 8518-8525. 

6. Hitzeman, R.A., and A.R. Price. 1978. Characterization of Bacillus subtilis 
Bacteriophage PBS2-lnduced DNA Polymerase and Its Associated Exonuclease 
Activity. J. Biol. Chem. 253: 8526-8532. 

7. Hitzeman, R.A. and A.R. Price. 1978. Relationship of Bacillus 
subtilis DNA Polymerase III to Bacteriophage PBS2-lnduced 
DNA Polymerase and to the Replication of 
Uracil-Containing DNA. J. Virol. 28: 697-709. 

8. Clarke, L, R. Hitzeman, and J. Carbon. 1979. Selection of Specific Clones 
from Colony Banks by Screening with Radioactive Antibody. Methods Enzymol., 
68: 436-442. 

9. Hitzeman, R.A., A.C. Chinault, A.H. Kingsman, and J. Carbon. 1979. Detection 
of E. coli Clones Containing Specific Yeast Genes by Immunological Screening. 
In volume 14 of the series, ICN-UCLA Symposium on Molecular and Cellular 
Biology (Academic Press) pp. 57-68. 

10. Hitzeman, R.A., L. Clarke, and J. Carbon. 1980. Isolation and 
Characterization of the Yeast 3-Phosphoglycerokinase Gene (PGK) by an 
Immunological Screening Technique. J. Biol. Chem. 255: 12073-12080. 



6 



11. Chalmers, J., M. Kuziora, R. Hitzeman, J. Carbon, and S. Wakil. 
1983. Molecular Cloning of Fatty Acid Synthetase Genes from 
Saccharomyces cerevisiae. J. Biol. Chem. 258: 11648-11653. 

12. Hitzeman, R.A., F.E. Hagie, H.L. Levine, D.V. Goeddel, G. Ammerer and 
B.D. Hall. 1981. Expression of Human Gene for Interferon in Yeast. Nature 293: 
717-722. 

13. Ammerer, G., R. Hitzeman, F. Hagie, A. Barta, and B.D. Hall. 1981. The 
Functional Expression of Mammalian Genes in Yeast. In Recombinant DNA, 
Proceedings of the Third Cleveland symposium on Macromolecules (Walton, 
A.G., ed) Elsevier Scientific Publishing Company, Amsterdam, pp. 185-197. 

14. Hitzeman, R.A., F.E. Hagie, J.S. Hayflick, C.Y. Chen, P.H. Seeburg 

and R. Derynck. 1982. The Primary Structure of the Saccharomyces cerevisiae 
Gene for 3-Phosphoglycerate Kinase. Nucleic Acids Res. 10: 7791-7808. 

15. Hitzeman, R.A., C.Y. Chen, F.E. Hagie, E.J. Patzer, C.C. Liu, D.A. 
Estell, J.B. Miller, A. Jaffe, D.G. Kleid and A.D.Levinson, and H. 
Oppermann. 1983. Expression of Hepatitis B Virus Surface Antigen in Yeast. 
Nucleic Acids Res. 11: 2745-2763 

16. Derynck, R., P.W. Gray, E. Yelverton, D.W. Leung, H.M. Shepard, R.M. 
Lawn, A. Ullrich, R. Najarian, D. Pennica, F.E. Hagie, R.A. Hitzeman, P.J. 
Sherwood, A.D. Levinson, and D.Y. Goeddel. 1982. Synthesis of human 
Interferons and Analogs in heterologous Cells, ICN-UCLA Symposium, Volume, 
pp. 249-262. 

17. Derynck, R., R.A. Hitzeman, P.W. Gray and D.V. Goeddel. 1983. 
Expression of Human Interferon-a in Heterologous Systems. In 
Experimental Manipulation of Gene Expression (Inouye, M., Ed) Academic 
Press, N.Y., N.Y., pp. 247-258. 

18. Hitzeman, R.A., D.W. Leung, L.J. Perry, W.J. Kohr, F.E. Hagie, C.Y. Chen, 
J.M. Lugovoy, A. Singh, H.L. Levine, R. Wetzel, and D.V. Goeddel. 1982. 
Expression, Processing and Secretion of Heterologous Gene Products by Yeast. 
In Proceedings of the Berkeley Workshop on Recent Advances in Yeast 
Molecular Biology: Recombinant DNA, vol., 1 , University of California, Berkeley, 
pp. 173-190. 

19. Hitzeman, R.A., D.W. Leung, L.J. Perry, W.J. Kohr, H.L. Levine, and D.V. 
Goeddel. 1983. Secretion of Human Interferons by Yeast. Science 219: 620-625. 

20. Singh, A., E.Y. Chen, J.M. Lugovoy, C.N. Chang, R.A. Hitzeman, and P.H. 
Seeburg. 1983. Saccharomyces cerevisiae Contains Two Discrete Genes 
Coding for the D-Factor Pheromone. Nucleic Acids Res. 1 1 : 4049-4063. 
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21. Hitzeman, R.A., C.Y. Chen, F.E. Hagie, J.M. Lugovoy, A. Singh. 1984. 
(Review) Yeast: An Alternative Organism for Foreign Protein Production. In 
Recombinant DNA Products: Insulin-lnterferon-Growth Hormone (Bollon, A.P., 
ed.) CRC Press, Boca Raton, Florida, pp. 47-65. 

22. Chen, C.Y., H. Opperman, and R.A. Hitzeman. 1984. Homologous Versus 
Heterologous Gene Expression in the Yeast, Saccharomyces cerevisiae. Nucleic 
Acids Res. 23: 8951-8970. 

23. Hitzeman, R.A., C.N. Chang, M. Matteucci, J. Wulf, J.M. Lugovoy, C.Y. Chen, 
L.J. Perry, W.J. Kohr, and A. Singh. 1986. Construction of Expression Vectors for 
Secretion of Human Interferons by Yeast. Methods Enzymol. 119: 424-433. 

24. Chang, C.N., M. Matteucci, L.J. Perry, J.J. Wulf, C.Y. Chen, and 

R.A. Hitzeman. 1986. Secretion of Human Leukocyte Interferon Using the Yeast 
Invertase Signal Sequence. Molecular and Cellular Biology 6: 1 81 2-1 81 9. 

25. Singh, A., C.N. Chang, J.M. Lugovoy, M.D. Matteucci, and R.A. 
Hitzeman. 1983. Strategies for the Production of Pharmaceutical Proteins in 
Microorganisms. In Genetics: New Frontiers (Oxford and IBH Publishing Co.) pp. 
169-177. 

26. Hitzeman, R.A., D.W. Leung, L.J. Perry, W.J. Kohr, H.L. Levine, and D.V. 
Goeddel. 1984. Secretion of Human Interferons by Yeast. In Biotechnology and 
Biological Frontiers, Ed. P.H. Abelson (AAAS) pp. 21-32. 

27. Etcheverry, T., W. Forrester, and R. Hitzeman. 1986. Regulation of the 
Chelatin Promoter during the Expression of Human Serum Albumin or Yeast 
Phosphoglycerate Kinase in Yeast. Biotechnology 4: 726-730. 

28. Mas, M.T., C.Y. Chen, R.A. Hitzeman, and A.D. Riggs. 1986. Active human 
yeast chimeric phosphoglycerate kinases engineered by domain interchange. 
Science 233: 788-790. 

29. Chen, C.Y. and R.A. Hitzeman. 1987. Human, Yeast and Hybrid 
3-Phosphoglycerate Kinase Gene Expression in Yeast. Nucleic Acids Research 
15: 643-660. 

30. Chen, C.Y. and R.A. Hitzeman. 1987. Possible Translational Control 
Mechanisms Associated with Gene Expression in Yeast. Biological Research on 
Industrial Yeasts. CRC Press, Ed. Steward, Russell Klein, and Hiebsch, pp. 71- 
86. 
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31. Chisholm, V., C.Y. Chen, N.J. Simpson, and R.A. Hitzeman. 1990. A 
Molecular and Genetic Approach to Enhancing Protein Secretion. In Gene 
Expression Technology . Methods ofEnzymology 185: 471-482. 

32. Hitzeman, R.A., C.Y. Chen, D.J. Dowbenko, M.E. Renz, A. Singh, V. 
Chisholm, R. Hamilton, and C.N. Chang. 1990. The Use of Heterologous and 
Homologous Signal Sequences for the Secretion of Heterologous Proteins from 
Yeast. In Gene Expression Technology. Methods of Enzymology : 
421-440. 

33. Horowitz, B., Eakle, K.A., Scheiner-Bobis, G., Randolph, G.R., Chen, C.Y., 
Hitzeman, R.A., and Farley, R.A. 1990. Synthesis and Assembly of Functional 
Mammalian Na.K-ATPase in Yeast. J. Biol. Chem. 265 : 4189-4192. 

34. Ballou, L, R. A. Hitzeman, M. S. Lewis and C. E. Ballou. 1991. 
Vanadate-Resistant Yeast Mutants are Defective in Protein 
Glycosylation.Proc. Nat. Acad. Sci. USA. 88: 3209-3212. 

35. Berka, R. M., FT. Bayliss, P. Bloebaum, D. Cullen, N. S. 
Dunn-Coleman, K. H. Kodama, K.J. Hayenga, R. A. Hitzeman, M. H. Lamsa, M. 
M. Przetak, M. W. Rey, L. J. Wilson, and M. Ward. 1992. Aspergillus nigervar. 
awamori as Host for the Expression of Heterologous Genes. In Applications in 
Enzyme Biotechnology. Plenum Press. 

36. Toman, P. D., Chisholm, G., McMullin, H., Giere, L. M., Olsen, D. R., Kovach, 
R. J., Leigh, S. D., Fong, B.E., Chang, R., Daniels, G. A., Berg, R. A., and 
Hitzeman, R. A. 2000. Production of Recombinant Human Type I Procollagen 
Trimers Using a Four-gene Expression System in the Yeast Saccharomyces 
cerevisiae. J. Biol. Chem. 

275: 23303-23309. 

37. Olsen, D. R., Leigh, S. D., Chang, R., McMullin, H., Ong, W., Tai, E., 
Chisholm, G., Birk, D. E„ Berg, R. A., Hitzeman, R. A., and Toman, P. D. 2001. 
Production of Human Type I Collagen in Yeast Reveals Unexpected New 
Insights into the Molecular Assembly of Collagen Trimers. J. Biol. Chem. 276: 
24038-24043. 

38. Chisholm, G., Giere, L. M., Weaver, C. I., Loh, C. Y., Fong, B. E., Bowser, M. 
E., Hitzeman, N. C, and Hitzeman, R. A. 2002. Automatic Eukaryotic Artificial 
Chromosomes: Possible Creation of Bacterial Organelles in Yeast. In Horizontal 
Gene Transfer, Chapter 22, Academic Press, NY and London, 2 nd Edition, Eds. 
Michael Syvanen and 

Clarence Kado, pp 249-259. 
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PATENTS (many filings and patents in other countries not shown): 

1 . United States Patent #4,803,164, February 7, 1989. Submitted August 31 , 
1981 . Preparation of Hepatitis B Surface Antigen in Yeast. Inventors: R.A. 
Hitzeman, A.D. Levinson, and D.G. Yansura. 

Assignee: Genentech, Inc. (foreign patent documents also). 

2. United States Patent #4,775,622, October 4, 1988. Submitted March 8, 1982. 
Expression, Processing, and Secretion of Heterologous Protein by Yeast. 
Inventors: R.A. Hitzeman and D.W. Leung. Assignee: Genentech, Inc. (foreign 
patent documents also). 

3. Expression of Polypeptides in Yeast. Priority February 25, 1981 . 
Inventors: R.A. Hitzeman, F.E. Hagie, B.D. Hall, and G. Ammerer. 
Applicants: Genentech, Inc. and the Board of Regents of the 
University of Washington. Patents are administered by WRF (Washington 
Research Foundation, http://www.wrfseattle.org/). US Patent Nos. 5,618,676, 
5,854,018 5,856,123, and 5,919,651. 

4. Novel Eukaryotic Vectors and Plasmids Having PGK Regulatory Signals. U.S. 
Patent Application Filed November 25, 1981. 

Inventors: R.A. Hitzeman and J. Carbon. Assignee: U.C. Regents, a California 
Corporation (U.C. Case: 81-201-1). U.S. patent granted the end of 1989. US 
patent # 4,865,989. 

5. Metallothionein Transcription Control Sequences and Use Thereof. Filing date: 
May 17, 1984. Inventors: Tina Etcheverry and Ronald Hitzeman. Assignee: 
Genentech, Inc. (Docket #1 00-244). US patent # 4,940,661 July 10, 1990. 

6. Use of Yeast Homologous Signals to Secrete Heterologous Proteins. Filing 
date: April 25, 1983. Inventors: Chung Nan Chung, Mark Matteucci, and Ronald 
Hitzeman. Assignee: Genentech, Inc. (Docket #100-1 29). Other Patents 
(submitted for approval), United States Patent #5,010,003, April 23, 1991 (foreign 
patents also). 

7. Yeast Strains for Increased Production and Secretion of Heterologous 
Proteins. Filing date: April 26, 1989. 

Inventors: Robert Hamilton, Vanessa Chisholm, and Ronald 
Hitzeman. Assignee: Genentech, Inc. (Docket #6464). 

8. Production of Recombinant Procollagen in Yeast. U.S. Patent 
Application Serial No. 08/546,047, filing date, 10/20/95. International patent 
application no. PCT/US96/1 6646, filing date 10/18/96. Inventors: D. Toman, R. 
Berg, G. Daniels, R. Hitzeman, and G. Chisholm, IV. Assignees: Collagen 
Corporation and Genotypes, Inc. W097/14431. Now US patent #6,472,171 on 
October 29, 2002. 
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9. Novel Methods for the Production of Gelatin and Full-Length Triple Helical 
Collagen in Recombinant Cells. U.S. Patent Application Serial No. 60/084,828, 
filed May 8, 1998. (RECENTLY GRANTED, U.S. patent # 6,413,742, July 2, 
2002 and Australian patent # 754608) 

Inventors: R. Hitzeman, G. Chisholm, R. Chang, H. McMullin, and D. Olsen. 
Assignees: Cohesion Technologies and Genotypes, Inc. 

1 0. Novel Vectors and Methods for Transfer of Bacterial Genomes and Other 
DNAs into Eukaryotic Organisms to Add New Valuable Functions to the 
Eukaryotes. U.S. Patent Serial Application No. 60/094,294, filing date. 7/27/98. 
Inventors: R. Hitzeman and G. Chisholm, IV. Assignee: Genotypes, Inc. US 
patent granted May 2003 - received notice of allowance. US patent # 6,670,154 
B1, December 30, 2003. 
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U.S. Court of Appeals 
Federal Circuit 

Singh v. Brake 

No. 99-1259 
Decided August 4, 2000 

PATENTS 

1. Patentability /Validity — Date of Inven- 
tion — Conception (§ 1 15.0403) 

Issue of whether putative inventor's testi- 
mony has been sufficiently corroborated is 
determined by "rule of reason" analysis, in 
which all pertinent evidence is evaluated in 
order to reach sound determination of credi- 
bility of inventor's story; in present case, 
substantial evidence does not support finding 
by Board of Patent Appeals and Interfer- 
ences that there was no evidence linking 
particular oligonucleotide ordered by junior 
party. inventor with plan to design claimed 
DNA construct prior to senior party's appli- 
cation filing date, since structural/chemical 
characteristics of nucleotide were key to ac- 
complishing successful loop deletion muta- 
genesis required to obtain claimed DNA 
construct, and since inventor's notation adja- 
cent to DNA request form explicitly stated 
that nucleotide was to be used for accom- 
plishing necessary loop deletion. 

2. Patentability/Validfty — Date of inven- 
tion — Conception (§115.0403) 
Rule that putative inventor's action in 
obtaining specific reagents with no "sub- 
stantial use" other than to make claimed 
chemical compound constitutes evidence of 
significant corroborative value for purposes 
of reduction to practice applies with equal 
force in context of conception, especially if 
required reagents involve DNA molecules 
whose precise sequence is critical and unique 
to asserted conception; in present case, junior 
party inventor's action in ordering particular 
oligonucleotide had substantial corroborat- 
ing value for inventor's claim to conception 
of DNA construct, since nucleotide had no 
substantial use" other than to accomplish 
loop deletion mutagenesis necessary to ob- 
tain claimed construct. 

3. Patentability/Validity — Date of inven- 
tion — Conception (§115.0403) 

Entries in inventor's, laboratory notebook 
are entitled to corroborative weight even 
though they were not witnessed until several 
years after they were made, since under 
rule of reason" analysis, fact that notebook 
entry has hot been promptly witnessed does 
not necessarily disqualify it from corroborat- 



ing conception, and in some cases conception 
may be proved solely on basis of subsequent- 
ly-witnessed notebook entries. 



Appeal from the U.S. Patent and Trade- 
mark Office, Board of Patent Appeals and 
Interferences. 

Patent interference proceeding between 
Arjun Singh, junior party, and Anthony J. 
Brake, senior party. Junior party appeals 
from judgment awarding priority of inven- 
tion to senior party. Vacated and remanded; 
Gajarsa, J., concurring in separate opinion. 

Steven B. Kelber and Sharon E. Crane, of 
Long, Aldridge & Norman, Washington 
D.C., for appellant. ' 

Debra A. Shetka, Thomas E. Ciotti, and 
Catherine M. Polizzi, of Morrison & Foer- 
ster, Palo Alto, Calif.; Rachel Krevans, 
San Francisco, Calif.; Robert P. Black- 
burn and Joseph H: Guth, of Chiron 
Corp., Emeryville, Calif., for appellee. 

Before Lourie, Schall, and Gajarsa, circuit 
judges. 

Lourie, J. 

Arjun Singh appeals from the judgment of 
the United States Patent and Trademark 
Office Board of Patent Appeals and Interfer- 
ences awarding priority of invention to An- 
thony J. Brake. See Singh v. Brake, Paper 
No. 164 (BPAI May 11, 1998). Because 
certain of the Board's key findings underly- 
ing its conclusion that Singh failed to prove 
conception of the subject matter of the inter- 
ference prior to the effective filing date of 
Brake were unsupported by substantial evi- 
dence, we vacate and remand. Because the 
Board did not address whether Brake's earli- 
est application adequately described and en- 
abled the disputed subject matter as required 
by 35 U.S.C. § 112, fl 1, we remand for 
determination of those issues as well. 

BACKGROUND 

Singh and Brake are parties to an interfer- 
ence consisting of a count corresponding to 
all thirty-seven claims of Brake's U.S. Patent 
4,870,008 (hereinafter "Brake 2"), entitled 
'Secretory Expression in Eukaryotes," and 
claims 8 and 19-21 of Singh's application 
Ser. No 07/552,719, entitled "Use of Alpha 
Factor Sequences in Yeast Expression Sys- 
tems." The count, which is identical to claim 
1 ofBrake 2, reads as follows: 
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1. A DNA construct comprising a se- 
quence of the following formula: 



5'— L— S— Gene *— 3\ 

where: 

L encodes a Saccharomyces alpha-factor 
leader sequence recognized by a yeast host 
for secretion; 

S encodes a spacer sequence providing 
processing signals resulting in the enzy- 
matic processing by said yeast host of a 
precursor polypeptide encoded by 
L — S— Gene * into the polypeptide en- 
coded by Gene *, S containing the se- 
quence 5— R — R — 3 1 immediately adja- 
cent to the sequence Gene *, R being a 
codon for lysine or arginine, R t 6eihg [a] 
codon for arginine, with the proviso that S 
not contain the sequence 5' — R — R 4 
— X— 3\ where R 3 = R lf R = R , and X 



encodes a processing signal for dipeptidy- 
laminopeptidase A; and 

Gene * encodes a polypeptide foreign to 
Saccharomyces. 

Paper No. 164 at 2-3. 

As indicated by the count, the claimed 
DNA construct is comprised of three basic 
components: (1) DNA encoding an alpha- 
factor "leader sequence" (L) that directs a 
qc raul3eyeast cell to export the protein 
attached to it; 1 (2) a spacer (S) containing a 
first codon 2 R , that encodes lysine or argin- 
ine, followed by a second codon R, that 
encodes arginine; and (3) a gene (Gene *) 
that is foreign to yeast, that encodes a pro- 
tein of interest. See '008 patent, col. 2, 11. 1 1- 
16, 38-43. The claimed DNA construct is 
illustrated in the figure below, with short- 
hand abbreviations of the three components 
depicted above the three-box diagram: 
Gene * _ 3* 



Leader \j) . 
Sequence 



Gene 



After the DNA construct has been intro- 
duced into the yeast cell, e.g., via a plasmid 
vector, the cell translates the construct, 
yielding nascent protein ("protein con- 
struct"). The sequence of the protein con- 
struct, like the DNA encoding it, is divided 
into three regions; the 83-amino acid se- 
quence of the alpha-factor leader, the Ly- 
sine-Arginine or Arginine-Arginine two-ami- 
nb acid spacer, and the amino acid sequence 
of the protein of interest ("gene product"). 

The leader sequence functions to target 
the protein construct for secretion from the 
yeast cell. During secretion, : the yeast en- 
zyme KEX-2 recognizes the Lysine-Arginine 
of Arjginine-Argihine spacer sequence in the 
protein construct and cleaves it at the junc- 
tion between the spacer and the gene prod- 
uct. As a result, the desired gene product is 
released into the extracellular medium, free 
of the leader and spacer portions of the 
protein construct. See Paper No. 164 at. 2- 
Because the yeast cell exports rather than 
retains the desired protein, protein purifica- 
tion is considerably simplified. See id. 

In the course of Singh's attempts to design 
the claimed DNA construct in August 1982, 
he prepared plasmid p57, a circular DNA 
molecule containing the alpha-factor leader 
sequence and a spacer sequence directly ad- 
jacent to' it. 3 fee Singh Dect. 1 21. During 
that same month, Singh incorporated the 
gene for human protein interferon D ("I FN-' 
D") into p57, thereby yielding plasmid p58. 
See id. In p58, the gene was also positioned 
adjacent to the spacer sequence, such that 



the leader, spacer, and gene sequences were 
all oriented in a fashion identical to the 
claimed construct. From September 6 to 11, 
1982, Singles assistant, Dr. June Lugovoy,' 
isolated the DNA segment from p58 contain- 
ing the alpha-factor leader, spacer, and IFN- 
D sequence, and inserted that segment (here- 
inafter "the p60 DNA construct") into yeast 
plasmid YEp9PT ("p60"). See id. f 26. 
Plasmid p60 was then introduced into yeast 
cells to determine whether the p60 DNA 
construct would generate IFN-D. See id. f 
27. 

On October 1, 1982, protein sequencing 
chemist Bill Kohr informed Singh that the 
IFN-D ex pressed by yeast cells transformed 

1 Alpha-factor, also known as alpha-mating 
factor, is a peptide released by the budding yeast 
Saccharomyces cerevisiae when a haploid cell is 
prepared to mate. See Bruce Alberts; et al., 
Molecular Biology of the Cell 722 (Garland 
Publishing, Inc. 3d ed. 1994). The yeast cell ' 
exports alpha-factor by way of a "leader se- 
quence," which is attached to alpha-factor and 
signals that the peptide is to be exported from the 
cell. See Application Ser. No. 06/506,098, p. 3,, 
11. 3-5. That sequence is typically removed from 
alpha-factor upon secretion. See id. at p. 3, II. 1-3. 
, It is the alpha-factor leader sequence alone that is 
incorporated into the claimed construct. 

. ' A "codon" is a set of three nucleotides that, 
codes for a particular amino acid. 

3 The factual context of Singh's alleged con-/ 
ception of the claimed DNA construct is based on 
his declaration to , the PTO and other record - 
evidence. Absent qualification, the facts set forth 
here are not disputed by the parties. 



55 USPQ2d 



Singh v. Brake 



1675 



with p60 contained eight additional amino 
acids not normally present in natural IFN-D. 
See id. H 33. On approximately that same 
date, Singh alleges that he conceived the 
claimed DNA construct, i.e., he devised a 
plan to redesign the p60 DNA construct in 
order to obtain the desired gene product, 
IFN-D, free of those additional amino acids. 
See id. fl 34. Specifically, Singh claims that 
he realized that he would need to remove 
eight unwanted codons (twenty-four nucleo- 
tides) from the p60 DNA construct, and that 
he planned to accomplish this deletion by use 
of a technique known as "loop deletion 
mutagenesis/' 4 

On November 24, 1982, Singh wrote a 
laboratory notebook entry setting, forth the 
undesired eight codons in the p60 DNA 
construct, as well as the twelve nucleotides 
on either side of that eight' cbdon. segment 
(the "flanking sequences"). See J.A. at 
1380; Singh Decl. 11 45. On that date, Singh 
also ordered a linear, 24-nucIeotide sequence 
(a "24-iher") that comprised the nucleotides 
of the flanking sequences. This order was 
canceled on the same day, and a notation in 
Singh's laboratory, notebook stated ... that 
Singly would perform the deletion ' experi- 
ment in a different way "without changing 
codons." Id: On December 1, 1982, Singh 
ordered another 24-mer for the. deletion ex- 
periment. This 24-mer wa$ precisely comple- 
mentary to the flanking sequences set forth 
in the November 24 entry. See J.A. at 1398* 
Singh Decl 47. DNA chemist Peter Ng 
testified that he synthesized the 24-mer for 
Singh on December 20, 1982. See Ng Decl. fl 
11; Ng Dep. at 36. Singh affixed the order 
into his notebook on December 21, 1982, 
with a notation "oligonucleotide for making 
in-frame, deletion of pro-IFN-D junction." 
J.A. at 1398 T Singh alleges that these facts 
corroborate his testimony that he conceived 



the claimed DNA construct before January 
12, 1983, the filing date of Brake's applica- 

«S\ S ?m. Na 06 / 457 > 32 5 (hereinafter 
Brake 1 ). 5 

Based on their mutual claims to the DNA 
construct, an interference was declared be- 
tween Singh and Brake. The parties filed an 
array of motions, only tw6 of which are 
relevant here: Singh's motion to be accorded 
the benefit of the June 20, 1983 filing date of 
application, Ser. No. 06/506,098, and 
Brake's motion to be accorded the benefit of 
the January 1 2, 1 983 filing date of the Brake 
1 application. The Administrative Patent 
Judge ("APJ") granted both motions, ren- 
dering Brake the senior party to the interfer- 
ence. See Paper No. 67 at 3-4. 

Singh appealed to the Board, requesting 
reconsideration of the APJ's interlocutory 
decision that Brake should be accorded the 
benefit of the Brake 1 application. In its final 
decision, the Board concluded that the APJ 
did hot abuse his discretion in granting 
Brake's motion, 6 but did not address 
Singh's contention that the Brake 1 applica- 
tion did not comply with the written descrip- 
tion and enablement requirements of 35 
U.S.C. § 112, 11 1 and hence that the APJ 



4 In "loop deletion mutagenesis," one removes 
undesired DNA sequences by first causing the 
undesired DNA to "bulge" (,>, form a loop) 
from the circular plasmid that contains it. Loop 
formation is accomplished by annealing a short, 
linear piece of "complementary" DNA to the 
sequences immediately flanking the undesired se- 
SJSa 0 ?" Fo,,owin g Ioo P formation, the undesired 
DNA is excised by way of an appropriate enzyme 
that recognizes DNA loops and removes them. 

A sequence of DNA is "complementary" to 
another sequence , of DNA when the nucleotides 
comprising the two sequences follow normal base- 
pairing rules, i.e., every thymine in one sequence 
is aligned with a corresponding adenine in the 
°J. h cr t and every guanine in one sequence is 
aligned with a corresponding cytosine in the 
other. 



5 The Brake 2 patent issued from application 

£ e '; No \? 7 /? 81 ' 302 ' fi]ed Au &*t 3, 1987. The 
302 application is a continuation of application 
Ser- No . 06/522,909, filed August 12, 1983. The 
909 application is in turn a continuation-in-part 
of the Brake 1 application. 

'At the time of the Board's decision, 37 
C.F.R. §. 1.655(a) directed the Board to review 
an APJ's interlocutory orders as follows: 

The Board may also consider whether entry of 
any interlocutory order was an abuse of discre- 
tion. All interlocutory orders shall be presumed 
to have been correct, and the burden of show- 
ing an abuse of discretion shall be on the party 
attacking the order. 
37 C.F.R. § 1.655(a) (1998). 

Because that version of section 1.655 suggested 
that the merits panel review all interlocutory 
orders for an abuse of discretion, the Patent and 
Trademark Office clarified that regulation to 
emphasize that only procedural rulings are to be 
reviewed under that standard, while merits rul- 
ings are to be reviewed without deference. See 
Consideration of Interlocutory Rulings at Final 
Hearings in Interference Proceedings,* 64 Fed 
Jfg- 12900, 12901 (1999). The present version of 
37 C.F.R. § 1.655(a) reads in relevant part as 
follows: 

The Board may also consider whether an inter- 
locutory order should be modified. The burden 
of showing that an interlocutory order should 
be modified shall be on the party attacking the 
order. The abuse of discretion standard shall 
apply only to procedural matters. 
37 CF.R. § 1.655(a) (1999). 
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erred in granting Brake's motion 7 See Pa- 

S r ^\! 64 , at I(M The B^rd "hen tur„ e a d 
to binghs alternative argument that even if 

the BrSE . P fi a r Cnt !? aCC °o rded the benefi t of 
tee Brake 1 filing date, Singh still prevails 
becau Se he conceived the claimed sub/ec 
matter prior to January 12, 1983 After 

th»f <i- a " e 8 ed , conception, the Board held 
fo™.£?# fai , ,ed . to prove "that he had 
tormulated a clear and complete picture in 
fw n r° f he "vention within the scopt of 

ftv ^^ rd u- gIy ' the Board award e d prior- 
of the subject matter of the count to 
Brake, concluding that he was entitled to all 
& e a V t e 3 n 0 daimS ° f the Brake 2 Patent! 
Singh appealed the Board's decision to 
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DISCUSSION 

A. Conception" ' 

Singh argues that the Board erred in con- 
cluding that he failed to prove concept™ 
♦.he subject matter of the count prior to 

suffiW 2, I9 P' assertin « tha t he pSed 
sufficient corroboration of his testimony of 

Sf»f the "rule of reaso™ Spe- 
SftSfc ng u ar #. Ues that the combination 
nL if N ,° vember 24 and December 21 , 1 982 
notebook entries, the December 1, 1982 oli- 

DNA Cl cf de - J** and the testimonyoV 
DNA chemist Ng sufficiently corroborate 

teat the fact that there was no use for the 24- 
mer ordered on December 1 other than to 
accomplish the desired loop deletion furthe? 
corroborates his testimony 

the to a tSit r vK* ' the B °ard considered 
that ffi H-5 6 eV,denCe and held 
rfpfin;f E dld not . Prove that he ha'd a 

iect i^t Permanent idea of thc cla imed sub- 
ject matter prior to the Brake 1 filing date 
Specifically, Brake argues that Singh's e^ 



'The Board stated as follows- 

we need HJf ^J**^" of Sin e h,s ™H«t, 
on ™ consider the arguments presented 

M 4 tl 3 °f the Singh Brief or pp 13^39 of 
the t£ f ep ' y r Bn > f as to the deficiencies of 
the Brake 1 application. That is, Singh's argu- 
ments as to the failure of the Brake 1 anonta 
12 fi° r :f t,Sfy the ^«irements of 35 uf C 8 

Panlr W ,^ raBraph ' are " 0W moot. , 8 

Paper No. 164 .at 10-11. 



dence fails to corroborate his declaration 
under the ."rule of reason" bSLuse non of 
Singh s evidence links the DecembeJT oli- 
gonucleotide order to a loop^eletion muta- 
genesis plan prior to January 12, 1983 Rath 
er, Brake contends that Singh ! s evident 

tuning the claimed construct was in contin- 
ual flux prior to January 12. Brake a £ 
asserts that Singh failed to prove that thl 
December 1 oligonucleotide had no use other 
than to accomplish the loop deletion * 

Conception is "the formation in the mind 
of the inventorf] of a definite and permanent 
idea of the complete and operative invenSon 

X/ S v th ^r ftCr ^ n ap P ,ied * £S& 

Mdi v. McCormick, 105 F3d 144/5 iaaq 

41 USPQ2d 1686, 1689 (FeS. C? r ' 991) 
(internal quotation marks omitted). A con- 

claffi m „ USt »W« a » limitations oftee 
claimed inven ion, see id., and "is complete 
only when the idea is so clearly defin?dTthe 
inventor's mind that only ordinary skill 

practice, without extensive research or ex 

ttarr Lab., Inc., 40 F 3d 1223 no* V> 

seek! f n " * e,1 - esta bushed that when a party 
seeks to prove conception via the oral tesri- 
mony of a putative inventor, that party must 

ny. See Mahurkar v. C.R. Bard T„r 70 
fp 3d > 5 . 72 . 1577, 38 USPQ2d 1288 i*29? 

C r i 9 y3 9 iVi US , QP2d 1031 ' 1036 (Fed. 
,k I 3) - Thls ru,e a dd resses the concern 

tempted to describe his actions in an unjusti- 

a nil'nf f " SC r ,ng manner in order to oota n 
a patent or to maintain an existing patent 

fSprSeTlf • 34 , lt M50, 41 USP Q* ' at 

tee nurnnl. V bUnaI 3,S ° ^ »» "lind 

tee purpose of corroboration, which is to 
prevent fraud, by providing independent con- 
l r ^ atl noo°J the ^ventor's tSim 0ny ^)- 

& Ompf r lPr ^ S Co - v: Minnesota 
t° nt : Pa P er Co., 261 U T S. 45, 60 (1923) 
D r° n P art . ,cuIar formula that an inven- 

his SI! ,,0W ? pr0vidi . n S ^roboration of 
nis testimony of conception. See Kridl 105 
F ; 3d at 1450, 41 USPQ2d at leS^Rather 

btefs e u r frf, PUt H ^ inV _ ent ° r ' S ^timoTy has 
beep sufficiently corroborated is determined 

"It . C °- reason analysis, in which 
i?i u CVall !f t,0n L of a " Pertinent evidence 
Srt 1„T t!° th r ata sound determination 
be -.3^^.^ thc i nv entor's story may 

^S^ ]0 ^ 938F - 2dat ll ^ 2? <-s 
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Conception is a question of law based on 
underlying facts. See Eaton v. Evans, 204 
F.3d 1094, 1097, 53 USPQ2d 1696, 1698 
(Fed. Cir. 2000). We review the Board's 
legal conclusion without formal deference, 
see 5 U.S.C. § 706 (1994), and its subsidiary 
factual findings for substantial evidence, see 
In re Gartside, 203 F.3d 1305, 1315, 53 
USPQ2d 1769, 1775 (Fed. Cir. 2000). 

After review of the record evidence in light 
of the proper legal standards, we conclude 
that substantial evidence does not support 
the Board's key finding that no evidence 
links the nucleotide Singh ordered on De- 
cember 1, 1982 with a plan to design the 
claimed construct prior to January 12, 1983. 
Brake does not dispute that Singh recog- 
nized the problem of additional amino acids 
in the human IFN-D generated by the p60 
DNA construct as of October 1, 1982. See 
Appellee's Br. at 41 . As discussed previously, 
the p60 construct is similar to the claimed 
DNA construct, except that the p60 DNA 
construct contained eight unwanted codons. 
Accordingly, our inquiry focuses on Singh's 
asserted corroborating evidence as it relates 
to resolving the problem of removing the 
unwanted DNA from the p60 DNA con- 
struct. See Burroughs, 40 F.3d at 1229-30, 
32 USPQ2d at 1921 ("The idea must be 
definite and permanent in the sense that it 
involves a specific approach to the particular 
problem at hand."). 

As an initial matter, we conclude that the 
Board correctly held as a matter of law that 
Singh failed to prove that he conceived the 
claimed construct prior to December 1, 
1982. In Singh's November 24, 1982 note- 
book entry, Singh articulated the problem to 
be solved with considerable specificity, not- 
ing: (1) the eight extraneous amino acids 
present in the IFN-D generated by the p60 
DNA construct, (2) the twenty-four unwant- 
ed nucleotides that code for those amino 
acids, with a notation "sequence to be re- 
moved," and (3) the twelve nucleotides that 
are immediately upstream and the twelve 
nucleotides immediately downstream of that 
segment, i.e., the flanking segments. See 
J. A. at 1380. We agree with Brake, however, 
that substantial evidence supports the 
Board's finding that this entry alone was 
insufficient to corroborate Singh's testimo- 
ny, because while clearly articulating the 
problem, the entry did not provide the solu- 
tion. See Paper No. 164 at 22-24. The 
Board's key findings in this regard, both of 
which are supported by substantial evidence 
in the notebook entry itself, are: that a linear 
24-mer other than the one necessary to ac- 



complish the deletion was first ordered, 8 
and that the order was in any event canceled 
the same day, with a notation "will do in a 
different way and w/o changing codons." Id. 
at 23-24. 

However, the Board's crucial finding that 
no evidence links the 24-mer that Singh or- 
dered, on December 1, 1982 with a plan to 
design the claimed construct by the loop 
deletion method prior to January 12, 1983 is 
unsupported by the evidence of record, and is 
in fact squarely contradicted by the evidence 
contained in Singh's December 21, 1982 
notebook entry. 9 As we noted previously, 
that entry contains two crucial pieces of 
evidence: first, a "Synthetic DNA Request" 
form, dated December 1, 1982, in which 
Singh requested a 24-mer to carry out the 
loop deletion experiment, and second, a nota- 
tion adjacent to the order explaining Singh's 
intended use for the 24-mer. 



'As noted above, rather than order the 24- 
mer complement of the sequences flanking the 
undesired sequence, Singh ordered a 24-mer iden- 
tical to those sequences. 

'As may be observed throughout the Board's 
decision, this crucial finding drove the Board's 
conclusion that Singh had not conceived the 
claimed construct prior to Brake. In its initial 
discussion of the corroborating value of the De- 
cember 1 oligonucleotide order, the Board stated 
that: 

Nor do we find that Singh has provided any 
other evidence of his intended use of the oligon- 
ucleotide. That is, in neither the Brief, nor the 
Reply Brief does Dr. Singh point to any other 
evidence such as the disclosure of his invention 
to others, contemporaneous notebook entries, 
etc., which would link the nucleotide ordered 
on December 12 [sic, 1], 1982, with a plan to 
construct an invention within the scope of 
count 1. 

Paper No. 164 at 25. The Board essentially reit- 
erated this finding in the same discussion, re- 
marking that: 

In our opinion, the only evidence of record 
which corroborates Dr. Singh's plan to em- 

Cloy the oligonucleotide ordered on Decem- 
er 1, 1982 in the "loop deletion," site- 
specific mutagenesis procedure as set forth 
in Figure 1 1 of Application 06/506,098 are 
the actual experiments performed by Dr. 
Singh on January 21, 1983, a date subse- 
quent to the filing date of the Brake 
application. 

Id. at 26. Finally, the Board echoed this finding 
in its concluding analysis, stating that: 
Nor do we find any evidence that those skilled 
in the art would have understood that the 
oligonucleotide ordered on December 1, 1982, 
was to be employed for the construction of a 
DNA construct in the loop deletion method 
described in Figure 11 of Singh Application 
06/506,093, filed June 20, 1983. 
Id. at 29. 
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As for the 24-mer, the Board makes no 
mention of the facts that the 24-mer is of 
precisely the same length and of the precise 
complementarity needed to accomplish the 
loop deletion, and thereby obtain the claimed 
construct; indeed, that oligonucleotide is one 
of 2 8 X 10 possible 24-mers that Singh 
could have ordered. Because the structural/ 
chemical characteristics of the 24-mer were 
key to accomplishing a successful loop dele- 
tion experiment, the order of that nucleotide, 
by iteelf, is evidence linking the 24-mer to 
bingh s plan to obtain the claimed construct 
Moreover, the Board completely overlooked 
Singh s notation adjacent to the DNA re- 
quest form that clearly specified that the 24- 
mer was to be used for accomplishing the 
necessary loop deletion. The notation explic- 
itly stated that the 24-mer was ordered "for 
making in-frame deletion of pro-IFN-D junc- 
tion " J. A. at 1398. Thus, both the properties 
of the 24-mer itself, and the notation specify- 
ing that it would be used to accomplish the 
loop deletion, undermine the Board's finding 
that no evidence links the 24-mer ordered on 
December 1 with Singh's plan to obtain the 
claimed construct by the loop deletion meth- 
od prior to January 12, 1983. 



55 USPQ2d 



[2] Moreover, the Board erred in rejecting 
Singh s argument that the 24-mer had cor- 
roborating value because it had no other 
substantial use" than to accomplish the 
loop deletion. While the Board characterized 
that argument as "not the proper legal stand- 
ard, Paper No. 1 64 at 25, that characteriza- 
tion conflicts with the holding of one of our 
predecessor, courts, albeit in the context of 
reduction to practice, that when a putative 
inventor has obtained specific reagents with 
no substantial use" other than to make the 
claimed chemical compound, that evidence 
is of significant corroborative value See 
Berges v. Gottstein, 618 F.2d 771 774-75 
205 USPQ 691, 694 (CCPA 1980). This rule 
applies with equal force in the context of 
conception, especially when the required rea- 
gents involve DNA molecules whose, precise 
sequence is critical and unique to the assert- 
ed conception. 

[3] In spite of those shortcomings in the 
Boards analysis, an argument could be 
made that the content of the notebook entries 
is entitled to no corroborative weight in any 
event because the entries were witnessed 
several years after they were made, thereby 
(f/L-, eri v g t . hose shortcomings harmless. 
™e the w Itne ssing of the laboratory note- 
books fell far short of ideal, we do not agree 



that the belated witnessing undermines all 
corroborative value that these entries may 
possess. Under a "rule of reason" analysis, 
the fact that a notebook entry has not been 
promptly witnessed does not necessarily dis- 
qualify it in serving as corroboration of con- 
ception See Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367, 1378 231 
USPQ 81, 89 (Fed. Cir. 1986) (hoiding that 
notebook entries not witnessed until several 
months to a year after entry did not render 
them incredible or necessarily of little cor- 
roborative value" under the circumstances 
and in view of other corroborating evidence) 
Indeed, Hybritech indicates that in some 
cases, conception may be proved solely on 
the basis of laboratory notebook entries wit- 
nessed subsequent to their entry. See id 
( The laboratory notebooks, alone are 
enough to show clear error in the findings 
that underlie the holding that the invention 
was not conceived before May 1980 ") ( em- 
phasis added). ' y m 

We also disagree with Brake's contention 
that Hahn v. Wong nullifies the corrobora- 
tive, value of the laboratory notebook en- 
tries. See Hahn v. Wong, 892 F.2d 1028 
I 3 V SP Q2d 1313! 1317 (Fed. Cir! 
1989) (stating that an inventor "must pro- 
vide independent corroborating evidence in 
addition to his own statements and docu- 
ments"); That case dealt with the standard 
of proof required to corroborate a reduction 
to practice, a more stringent standard than 
that required to corroborate a conception 
See Mikus v. Wachtel, 542 F.2d 1157 

}l 6 }j- 191 USP Q 571 ' 575 (CCPA 1976) 
(holding that an invention record, based on 
an unwitnessed laboratory notebook and re- 
sults performed by technicians unaware of 
what they were testing, may provide suffi- 
cient evidence of conception but not reduc- 
J 10 ? > P ractice under tfa e rule of reason). 
Indeed, a notebook page may well show that 
the inventor conceived what he wrote on the 
page, whereas it may not show that the 
experiments were actually performed, as 
required for a reduction to practice. Com- 

$?£iJ Iybr l tech > 802 R2d at 1378, 231 
U^PQ at 89 (indicating that an inventor's 
belatedly witnessed laboratory notebooks 
may alone be adequate to corroborate his 
testimony of conception) with Gortatowsky 

V a\ A ?X^? 42 R2d 970 ' 972 » 170 USPQ 41, 
43 (CCPA 1971) (holding that an inven- 
tors laboratory notebook that was neither 
read nor witnessed and kept with suspect 
chronology could not provide the requisite 
corroboration for a reduction to practice): 

In view of key facts contained in the De- 
cember 21 notebook entry, we conclude that 
substantial evidence does not support the 
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Board's express finding that no evidence 
links the nucleotide Singh ordered on De- 
cember 1 with a plan to design the claimed 
construct by the loop deletion method prior 
to January 12;, 1983. We further conclude 
that the Board erred in rejecting Singh's 
argument that the 24-mer ordered on De- 
cember 1 had corroborating value because it 
had no other "substantial use" than to obtain 
the claimed construct. We therefore vacate 
the Board's conception holding and remand 
for it to consider the evidence in the Decem- 
ber 21 entry, to reconsider Singh's "substan- 
tial use" argument, and to reevaluate the 
totality of the corroborative evidence on re- 
mand. We have carefully considered Brake's 
other conception-related arguments but find 
them unpersuasive. 



B. Written Description and Enablement 

Singh also argues that the Board erred in 
concluding that Brake is entitled to the bene- 
fit of the filing date of Brake 1, asserting that 
the Brake 1 application fails to provide an 
adequate written description or enabling dis- 
closure of the subject matter of the count. 
With regard to the written description re- 
quirement, Singh contends that Brake did 
not have possession of that subject matter 
because Brake 1 describes a large genus of 
compounds and perhaps other species and 
subgenera, but not the particular subgenus 
(n = 0) within that genus. 10 Singh asserts 
that no "blazemarks" in Brake 1 lead a 
person of skill in the art to the n = 0 sub- 
genus described in the count. See In re Rus- 
chig, 379 F.2d 990, 994-95, 154 USPO 118 
122 (CCPA 1967) ; As for enablement; 



10 In his motion for benefit of the Brake 1 
Wing date Brake relied on the following formula 
disclosed in Brake 1: 

L-(R-S-(GAXYCX) n )-Gene *) y 

where 

L is a leader sequence 

R is CGX or AZZ (a codon for Lysine or 

Argmme) 

S is the same as R 

X is any one of four nucleotides including T, G, 
C, or A 

Y is either G or C 
Z is either A or G 

n is 0 or an integer that will typically vary from 
1 to 4, usually 2 to 3 

y is an integer of at least 1 and typically no 

fhanT I0 ' m ° re typica,lv not 8 reater 

See ^ Paper No 15 at 6-7; '325 application, p. 3., 1. 
to p. 4, 1. 26. 



Singh argues that Brake 1 does not enable 
the invention of the count, because it only 
leads a person of skill in the art to choose 
constructs wherein n > 0, and that, more- 
over, Brake provided no documentary evi- 
dence that techniques for making the n = 0 
construct were available at the time of filing 
Brake 1. Lastly, Singh contends that the 
Board committed reversible error by apply- 
ing the abuse of discretion standard rather 
than the de novo standard when reviewing 
the APJ's grant of Singh's motion for 
benefit. 

Brake responds that the Board correctly 
held that he is entitled to the benefit of the 
filing date of Brake 1 . On the issue of written 
description, Brake argues that Brake 1 ex- 
plicitly describes the n = 0 construct, and 
that Singh's arguments were not raised be- 
low and are therefore waived. Even if we 
were to reach Singh's arguments, Brake as- 
serts that there are two relevant permuta- 
tions (n = 0 and n = 1 to 4), not 10,000, and 
that the requisite blazemarks are in fact 
present. Regarding enablement, Brake con- 
tends that Brake 1 does enable the n = 0 
construct, and that Brake's enablement of "n 
- 1 to 4" does not indicate lack of enable- 
ment of n = 0. Brake also asserts that Singh's 
other enablement argument was not raised 
below and is in any event erroneous. Lastly, 
Brake argues that the appropriate standard 
of review was applied at the time of the 
Board's decision, and that even if the Board 
did apply the wrong standard, that error was 
harmless. 

The Board explicitly did not reach any of 
the parties' section 112, paragraph 1 argu- 
ments, see note 7, supra, and we consider 
that such issues should be first decided by 
the Board. Accordingly, we remand to the 
Board for a determination of those issues 
that were properly raised during the earlier 
proceedings. Because no reliance interests by 
either party are impacted by the PTO's new 
procedural rule with respect to the Board's 
review of an APJ's interlocutory orders, we 
instruct the Board to apply the new standard, 
embodied in the current version of 37 C.F.R. 
§ 1.655(a), on remand. Cf. Landgrafv. USI 
Film Prods., 511 U.S. 244, 280 (1994) (stat- 
ing that a new statute has retroactive effect 
if "it would impair, the rights a party pos- 
sessed when he acted, increase a party's 
liability for past conduct, or impose new 
duties with respect to transactions already 
completed") (cited in Lowry v. Secretary of 
Health and Human Servs., 189 F.3d 1378 
1381 (Fed. Cir. 1999)). 



Certain of the Board's key findings under- 
lying its conclusion that Singh failed to prove 
conception of the subject matter of the count 
prior to the effective filing date of Brake 2 
are unsupported by substantial evidence 
Moreover, the Board did not address issues 

nrnvS ° W J ether the *ake 1 application 
provides an adequate written description and 
an enabling disclosure of the subject matter 
of the count. We therefore 

VACATE and REMAND. 



Gajarsa, J., concurring. 

♦i, J* W " te !*P ar . ate 'y in this case to emphasize 
that our decision today necessarily follows 

K 1305, 53 USPQ2d 1769 (Fed. Cir! 
2000). In Gartside this court held that, while 
we review questions of law de novo the 
substantial evidence standard is appropriate 
for review of the PTO's factual finding?. See 
f.u 1315 ! 5 - 3 US PQ2d at 1775. Gartside 
u U n r rfJr er ^ XpIa u ed ^ the P ert inent inquiry 
under the substantial evidence standard is 
whether a reasonable factfinder could have 
arrived at the agency's decision, and that the 
inquiry requires "taking into account evi- 
dence that both justifies and detracts from 

I^pffi^ S ,4 e , C, , si0n " Id - at 13J3, 53 
USPQ2d at 1773 (quoting Universal Cam- 

X fa ( &P:Z National Labor Relations Bd 

Umrt has also explained that the "possibility 
of drawing two inconsistent conclusions from 
!,W 2 * does ., not ? revent an administra- 

hvc„K g f C J' S , find J ,n8 from bein 8 supported 
by substantial evidence." Console v. Federal 

(me)" 6 C ° mm ' n ' 383 US - 607, 620 

7l U r der * h -f C ?o rt ' s dec i s ion in Dickinson v. 

527 U : S -. 150 ' 5 0 USPQ2d 1936 
Bi'rTfr 6 deference to the 

*L a s / actual determinations. Because of 

Snnnf ^ ^ must be afforded, we 
cannot, and should not, ever substitute our 

by?he aC pTO those made 

th* o u • At L the same t,me ' when . as is 

hStTh^n'iS 6 app u e,,ate tribunal fi "ds 
that the PTO did not have substantial evi- 
dence to support its determinations, the 
proper course is to remand to have the PTO 
reweigh the sufficiency of the evidence in 
order to reach factual determinations that its 
expertise deems appropriate, 
f hi °S tT °/? e add itionaI point. In its review of 
the Board's factual determination on cor- 



roboration, the majority opinion ignores evi- 
dence supporting Brake's position that wis 
cited by the Board, while placing great em 
phasis on Singh's proffered «S£ ml 
failure to distinguish the Board's supporting 
evidence runs dangerously close to turnini 
the substantial evidence standard on Ttf 
head Perhaps this approach results from the 
less than clear recitation of the supporting 

th^T ?* £°r d ' S decision - O" remand! 
he Board should keep in mind our admoni- 
tion m Gechter v. Davidson, 1 16 F 3d 1454 

997) th 3 at U "r? 2d 1040 ' 1043 
iy97) that [njecessary findings must be 

expressed, with sufficient particularity to en- 
able our court, without resort to speculation 

?' 5l i S -?: § 5 57(c) (1994) (requiring that 
Mil decisions" in formal adjudications 
whether preliminary or final, "include ' 
findings and conclusions, and the reasons' or 
basis therefor on all the material issuS of 
or?" f. W ' ^ d^^tion presented on the rec- 
^ Ph , a - is add ^ } - A detailed account 
of the underlying evidence supporting a find 
"Jg of fact, or the . underlyi ngTcts support- 
ing a conclusion of law; does more than exert 
discipline on the Board and expose its reason- 
ing to the light of public scrutiny. It provides 
this court with a meaningful opWtanfty to 

fr^ n l Whe I he - r the ^rd has strayed 
from the boundaries of its statutory author- 

W A™ ^ ^ B ° ard and this 
In this case, the Board on remand may 
ultimately reach the same factual deteS 

Si T .- he 1S$ V,° r eoToWation of 
Singh s testimony. Indeed, our decision to- 
day in no way forecloses this outcome. If so 

fh? T/ CC " ati ? n of the evidence supporting 
this determination will only assist thTcourt 
on appeal in its task of reviewing such a 
determination under the substantial evi- 
dence standard. 

With this in mind, I concur in the judg- 
ment of the court. 
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Singh v. Brake 
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Federal Circuit 

No. 01-1621 

Decided January 29, 2003 

(Nonprecedential Opinion Issued 
October 16, 2002) 

PATENTS 

[1] Practice and procedure in Patent and 
Trademark Office — Interference — 
Rules and rules practice (§ 110.1704) 

Practice and procedure in Patent and 
Trademark Office — Interference — 
Pleadings and submissions 
(§ 110.1706) 

Board of Patent Appeals and Interferences 
did not abuse its discretion by returning junior 
party's brief, without further consideration, on 
ground that brief presented new arguments in 
derogation of board's reminder that only is- 
sues properly raised in earlier proceeding 
were entitled to review at final hearing, since 
junior party could have raised arguments in 
question at outset of interference, and to ex- 
tent he, did not do so, those arguments were 
waived, and since board's refusal to consider 
untimely arguments is not abuse of its discre- 
tion. 

[2] Patentability/Validity — Date of inven- 
tion — Conception (§ 115.0403) 

Substantial evidence support's finding by 
Board of Patent Appeals and Interferences that 
entries in laboratory notebook fail to corrobo- 
rate junior party inventor's claim to prior con- 
ception of DNA construct that is subject of in- 
terference count, since there is nothing in 
notebook to corroborate inventor's testimony 
that three entries in question were meant to be 
read together, since notebook entries, at most, 
state goal that inventor hoped to achieve, but 
they do not provide any protocol or outline for 
loop deletion mutagenesis procedure neices- 
saiy to obtain claimed construct, and since 
there is no evidence to support inventor's as- 
sertion that loop deletion mutagenesis had 
been developed before his claimed date of 
conception, or that he knew of such develop- 
ments prior to senior party's filing date. 



[3] Practice and procedure in Patent and 
TVademark Office — Prosecution — 
Filing date (§ 110.0906) 

Patentability/Validity — Specification — 
Written description (§ 115.1103) 

Board of Patent Appeals and Interferences 
did not err in concluding that written descrip- 
tion in senior party's earlier-filed application 
supports claim for DNA construct correspond- 
ing to interference count, since record does 
not support junior party's contention that 
specification in earlier application disclosed 
genus encompassing over 9000 species, of 
which count is directed to only two, or that 
specification failed to provide adequate direc- 
tion to those of ordinary skill in art to lead 
them to subgenus of count, and since defer- 
ence afforded board's conclusion under "sub- 
stantial evidence" standard of review warrants 
finding of no legal error. 

[4] Patentability/Validity — Date of inven- 
tion — Conception (§ 115.0403) 

Patentability/Validity — Specification — 
Enablement (§ 115.1105) 

Finding by Board of Patent Appeals and In- 
terferences that methods for obtaining DNA 
construct of interference count were available 
to those of ordinary skill in art as of filing date 
of senior party's earlier-filed application does 
not conflict with its conclusion that junior 
party inventor failed to establish prior concep- 
tion of invention of count, since test for deter- 
mining whether junior party conceived con- 
struct of count depends on his own personal 
knowledge of methods for making construct, 
and his formulation of definite and permanent 
idea for doing so, whereas test for whether se- 
nior party's application provided enabling dis- 
closure does not depend on what senior party 
knew, but on whether application would have 
enabled one skilled in art to make and use in- 
vention at time application was filed. 

Particular patents — Chemical — DNA 
constructs 

4,870,008, Brake, secretory expression in 
eukaryotes, judgment awarding inventor prior- 
ity of invention, with respect to all claims of 
patent, in interference no. 102,728 affirmed. 
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Appeal from the U.S. Patent and Trademark 
Office, Board of Patent Appeals and Interfer- 
ences. 

Patent interference proceeding no. 102,728 
between Arjun Singh, junior party (application 
serial no. 07/552,719), and Anthony J. Brake 
(patent no. 4,870,008), senior party. Junior 
party appealed from judgment awarding prior- 
ity of invention to senior party, which was re- 
versed and remanded (55 USPQ2d 1673). On 
remand, board again awarded judgment to se- 
nior party, from which junior party now ap- 
peals. Affirmed. 

Prior decision: 55 USPQ2d 1673. 

Sharon E. Crane, R. Danny Huntington, 
Bruce T. Wieder, and Donna M. Meuth, of 
Burns, Doane, Swecker & Mathis, Alexandria, 
Va., for appellant. 

Debra A. Shetka and Thomas E. Ciotti, of 
Morrison & Foerster, Palo Alto, Calif.; Rachel 
Krevans and Jill Neiman, of Morrison & Fo- 
erster, San Francisco, Calif.; Robert P. Black- 
bum and Joseph H. Guth, of Chiron Corp., 
Emeryville, Calif., for appellee. 

Before Lourie, circuit judge, Friedman, se- 
nior circuit judge, and Prost, circuit judge. 

Lourie, J. 

Arjun Singh appeals from the remand deci- 
sion of the United States Patent and Trade- 
mark Office Board of Patent Appeals and In- 
terferences awarding judgment in an interfer- 
ence to Anthony Brake. Brake v. Singh, Inter. 
No. 102,728, Paper No. 199 (Bd. Pat. App. & 
Inter. June 19, 2001). Because the Board's de- 
cision was supported by substantial evidence 
and was not contrary to law, we affirm. 

BACKGROUND 

This case arises out of an interference de- 
clared on November 12, 1991, involving a 
count corresponding to all thirty-seven claims 
of Brake's U.S. Patent 4,870,008 (hereinafter 
"the Brake patent") and claims 8 and 19-21 
of Singh's U.S. Application 07/552,719. 

The Brake patent issued from U.S. Applica- 
tion 07/081,302, filed August 3, 1987, which 
was a continuation of, and was accorded the 
benefit of, U.S. Application 06/522,909 (here- 
inafter "Brake 2"), filed August 12, 1983, as- 
signed to Chiron Corporation. Singh's Appli- 
cation 07/552,719 was filed July 16, 1990, arid 
was accorded the benefit of U.S. Application 
06/506,098 (hereinafter "the Singh applica- 
tion"), filed June 20, 1983, and U.S. Applica- 



tion 06/488,323, filed April 25, 1983, both as- 
signed to Genentech, Inc. 

Because the earlier Singh application pre- 
dated Brake 2, Singh was initially designated 
the senior party in the interference. However, 
Brake 2 was a continuation-in-part of U.S. 
Application 06/457,325 (hereinafter "Brake 
1"), filed January 12, 1983, and Brake suc- 
cessfully moved for the benefit of the filing 
date of Brake 1 with respect to the count in 
the interference. Brake also successfully 
moved to attack the benefit accorded Singh of 
the April 25, 1983 filing date of U.S. Applica- 
tion 06/488,323. Brake was then designated as 
the senior party. 

The count, which is identical to claim 1 of 
Brake 2, reads as follows: 

1. A DNA construct comprising a sequence 
of the following formula: 

5'-L-S-Gene*-3\ 

where: 

L encodes a Saccharomyces alpha- 
factor leader sequence recognized by a 
yeast host for secretion; 

S encodes a spacer sequence provid- 
ing processing signals resulting in the 
enzymatic processing by said yeast host 
of a precursor polypeptide encoded by 
L-S-Gene* into the polypeptide encoded 
by Gene*, S containing the sequence 5'- 
R x -R2-3' immediately adjacent to the se- 
quence Gene*, R x being a codon for ly- 
sine or arginine, R 2 being codon for 
arginine, with the proviso that S not con- 
tain the sequence 5'-R 3 -R 4 -X-3\ where 
R 3 =R lt R4=R2» 

and X encodes a processing signal for 
dipeptidylaminopeptidase A; and Gene* 
encodes a polypeptide foreign to Sac- 
charomyces. , r 
Brake, Paper No. 199 at 6. /; 

The DNA construct of the count thus in- 
cludes three basic components: (1) a segment,. 
"L," which encodes an alpha-factor leader se- 
quence; 1 (2) a segment, "S," which includes 



1 Alpha-factor, also known as alpha-mating factor; is; 
a peptide released by the budding yeast Saccharomyces 
cerevisiae when a haploid cell is prepared to mate. Se£ 
Bruce Alberts et al., Molecular Biology of the Cell 722 
(3d ed. 1994). The yeast cell exports alpha-factor by 
way of a "leader sequence," which is attached to alpha- 
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a first codon, 2 R„ encoding either lysine or 
arginine, followed by a second codon, R 2 , en- 
coding arginine; and (3) a gene, : "Gene* " 
which encodes a protein of interest, in particu- 
lar, a polypeptide foreign to (Le. t not naturally 
produced by) the yeast Saccharomyces. See 
Brake patent, col. 2, 11. 11-16, 38-43. 

After the DNA construct has been intro- 
duced into the yeast cell, e.g., via a plasmid 
vector, the cell "expresses" the construct, pro- 
ducing a polypeptide having the sequence of 
amino acids encoded by the DNA. The se- 
quence of the resulting polypeptide, like the 
DNA encoding it, is divided into, three re- 
gions: the alpha-factor leader, the spacer se- 
quence including either a lysine-arginine or an 
arginine-arginine two-amino acid block, and 
the amino acid sequence of the protein of in- 
terest ("gene product"). 

According to the record in this case, the 
leader sequence functions to target the 
polypeptide for secretion from the yeast cell. 
During secretion, the yeast enzyme KEX-2 
recognizes the lysine-arginine or arginine- 
arginine spacer sequence in the polypeptide 
and cleaves the polypeptide at the junction be- 
tween the spacer and the gene product. As a 
result, the desired gene product is released 
into the extracellular medium, free of the 
leader and spacer portions of the polypeptide. 
See Brake, Paper No. 164 at 2. Because the 
yeast cell exports rather than retains the de- 
sired protein, protein purification is consider- 
ably simplified. See id. 

The following is a statement of the facts as 
set forth in our earlier opinion in this case. 
Singh v. Brake, 222 F.3d 1362, 55 USPQ2d 
1673 (Fed; Cir. 2000). As we noted in that 
opinion, the factual context of Singh's alleged 
conception of the claimed DNA construct is 
based on his statements to the PTO and other 
record evidence. Absent qualification, the 
facts set forth here are not disputed by the par- 
ties. 

In the course of Singh's attempts to de- 
sign the claimed DNA construct in August 
1982, he prepared plasmid p57, a circular 



factor and signals that the peptide is to be exported 
from the cell. See VS. Application 067506,098 at 3, II. 
>5. That sequence is typically removed from alpha- 
tactor upon secretion. See id. at 3, II. 1-3. It is the 
aipna-factor leader sequence alone that'is incorporated 
into the claimed construct. 

A "codon" is a set of three nucleotides that codes 
lor a particular amino acid. 



DNA molecule containing the alpha-factor 
leader sequence and a spacer sequence di- 
rectly adjacent to it. See Singh Decl. % 21. 
During that same month, Singh incorpo- 
rated the gene for human protein interferon 
D ("IFN-D") into p57, thereby yielding 
plasmid p58. See id. In p58, the gene was 
also positioned adjacent to the spacer se- 
quence, such that the leader, spacer, and 
gene sequences were all oriented in a fash- 
ion identical to the claimed construct. From 
September 6 to 11, 1982, Singh's assistant, 
Dr. June Lugovoy, isolated the DNA seg- 
ment from p58 containing the alpha-factor 
leader, spacer, and IFN-D sequence, and in- 
serted that segment (hereinafter "the p60 
DNA construct") into yeast plasmid 
YEp9PT ("pfiO"). See id. f 26. Plasmid p60 
was then introduced into yeast cells to de- 
termine whether the p60 DNA construct 
would generate IFN-D. See id. f 27. 

On October 1, 1982, protein sequencing 
chemist Bill Kohr informed Singh that the 
IFN-D expressed by yeast cells transformed 
with p60 contained eight additional amino 
acids not normally present in natural 
IFN-D. See id. f 33. On approximately that 
same date, Singh alleges that he conceived 
the claimed DNA construct, i.e., he devised 
a plan to redesign the p60 DNA construct in 
- order to obtain the desired gene product, 
IFN-D, free of those additional amino ac- 
ids. See id. f 34. Specifically, Singh claims 
that he realized that he would need to re- 
move eight unwanted codons (twenty-four 
nucleotides) from the p60 DNA construct, 
and that he planned to accomplish this de- 
letion by use of a technique known as 
"loop deletion mutagenesis." 

On November 24, 1982, Singh wrote a 
laboratory notebook entry setting forth the 
undesired eight codons in the p60 DNA 
construct, as well as the twelve nucleotides 
on either side of that eight codon segment 
(the "flanking sequences"). See Singh 
Decl. 1 45. On that date, Singh also ordered 
a linear, 24-nucleotide sequence (a "24- 
mer") that comprised the nucleotides of the 
flanking sequences. 3 This order was can- 



3 Actually, this statement is incorrect. The 24-mer se- 
quence that Singh ordered on November 24, 1982, was 
not identical to the nucleotides of the flanking se- 
quences, = but instead included several "preferred 
codons." 
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celed on . the same day, and a notation in 
Singh's laboratory notebook stated that 
Singh would perform the deletion experi- 
ment in a different way "without changing 
codons." Id. On December 1, 1982, Singh 
ordered another 24-mer for the deletion ex- 
periment. This 24-mer was precisely 
complementary to the flanking sequences 
set forth in the November 24 entry. See 
Singh DecL f 47. DNA chemist Peter Ng 
testified that he synthesized the 24-mer for 
Singh on December 20, 1982. See Ng Decl. 
1 11; Ng Dep. at 36. Singh affixed the order 
into his notebook on December 21, 1982, 
with a notation "oligonucleotide for mak- 
ing in-frame deletion of alpha pro-IFN-D 
junction." 4 Singh alleges that these facts 
corroborate his testimony that he conceived 
the claimed DNA construct before January 
12, 1983, the filing date of Brake 1. 
Id. at 1364-65, 55 USPQ2d at 1674-75 (foot- 
note omitted). 

At the final hearing on May 11, 1998, Singh 
sought: (1) to contest the interlocutory order 
granting Brake the benefit of Brake 1; (2) to 
prove Singh's conception of the invention of 
the count prior to Brake 1's January 12, 1983 
filing date; and (3) to show diligence through- 
out the "critical period" from just prior to 
January 12, 1983, until actual reduction to 
practice. Singh was unsuccessful with respect 
to all three issues, and final judgment was is- 
sued in favor of Brake on August 31, 1998. 
Brake, Paper No. 164. 

Singh appealed to this court, contesting 
Brake's entitlement to the benefit of Brake 1 
and contesting the Board's finding that Singh 
had failed to prove conception prior to the 
Brake 1 filing date. We held that certain of the 
Board's key findings underlying its conclusion 
that Singh had failed to prove conception of 
the subject matter of the interference prior to 
the effective filing date of Brake were unsup- 
ported by substantial evidence, and we va- 
cated and remanded. Singh, 222 R3d at 1370, 
55 USPQ2d at 1679. We also found that the 
Board did not address whether Brake 1 ad- 
equately described and enabled the disputed 
subject matter of the count under 35 U.S.C. 



4 This point is disputed. Singh has provided no cor- 
roboration of his assertion that this notation was actu- 
ally made on December 21, 1982. Like the other pages 
of Singh's notebook, this page was not witnessed until 
1986, and, even then, there is no proof that the notation 
existed at the time of the witnessing. 



§ 112, f 1, and we remanded for determina- 
tion of those issues as well. Id. at 1371, 55 
USPQ2d at 1679. 

On remand, the Board permitted the parties 
to submit briefs on. the remanded issues, but 
returned Singh's enablement and written de- 
scription briefs (as well as Brake's corre- 
sponding reply briefs) with its opinion, stating 
that Singh had failed to comply with the re- 
quirements of 37 C.RR. § 1.655(a) and (b) by 
presenting new arguments not raised in the 
original opposition. 

In an eighty-nine-page opinion with an ad- 
ditional seventeen-page concurrence, Brake, 
Paper No. 199, the Board addressed each of 
the issues on remand and concluded: (1) that 
Brake 1 adequately described and enabled the 
invention of the count, and Brake was there- 
fore entitled to the benefit of Brake l's filing 
date; (2) that Singh had not met his burden of 
proving conception prior to the filing date of 
Brake 1; and (3) that even if it were assumed, 
arguendo, that Singh had conceived the inven- 
tion prior to Brake's filing date, Singh had not 
met his burden of demonstrating diligence be- 
tween conception and reduction to practice: 

Singh now appeals again. We have jurisdic- 
tion pursuant to 35 U.S.C. § 141 and 28 
U.S.C. § 1295(a)(4)(A) (2000). 

DISCUSSION 

A. Return of Briefs 

Pursuant to our earlier decision's remand 
"for determination of those issues that were 
properly raised during the earlier proceed- 
ings," Singh, 222 F.3d at 1371, 55 USPQ2d at 
1679, the Board invited the parties to submit 
briefs on the issues of Singh's case for priorr 
ity and Brake's sustenance of his burden of 
proof with respect to written description and 
enablement. Brake, Paper No. 199 at 12. After 
the parties submitted the invited briefs, the 
Board determined that Singh had presented 
new arguments in derogation of the Board's 
reminder that only issues that were properly 
raised in the original opposition were entitled 
to review at the final hearing. Id, at 13. In re- 
sponse, the Board returned all of the newly 
submitted briefs to the parties without further ^ 
consideration, holding that the briefs cofl-i; ^ 
tained, "almost exclusively, new aipimeritsj ^| 
and lack the showing that Preliminary Motion & 
2 [concerning the Brake patent's enudement;J| 
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to the Brake 1 filing date] should be modi- 
fied." Id. at 15. 

[1] Singh argues that the Board erred in re- 
fusing to consider briefs submitted by Singh 
on remand We review the Board's application 
of its rules for an abuse of discretion. Brown 
v. Barbacid, 276 F3d 1327, 1332, 61 USPQ2d 
1236, 1238 (Fed. Or. 2002). Although return- 
ing the briefs to the parties is a rather extraor- 
dinary measure, we do not find any abuse of 
discretion in the Board's doing so. 37 C.RR. 
§ 1.655(b) states: 

A party shall not be entitled to raise for 
consideration at final hearing any matter 
which properly could have been raised by a 
motion under § 1.633 or 1.634 unless the 
matter was properly raised in a motion that 
was timely filed by the party under § 1.633 
or 1.634 and the motion was denied or de- 
ferred to final hearing, the matter was prop- 
erly raised by the party in a timely filed op- 
position to a motion under § 1.633 or 1.634 
and the motion was granted over the oppo- 
sition or deferred to final hearing, or the 
party shows good cause why the issue was 
not properly raised by a timely filed motion 
or oppositions. 

37 C.F.R. § 1.655(b) (2002). 

Because the Board found that Singh was at- 
tempting to raise in his briefs matters that 
could have been but were not raised at the 
outset of the interference, see Brake, Paper 
No. 199 at 12, the Board was acting properly 
within its discretion when it refused to con- 
sider the briefs. Singh could have raised his 
written description and enablement arguments 
at the outset of the interference; to the extent 
that he did not do so, those arguments have 
been waived. As we stated in Credle v. Bond, 
25 F.3d 1566, 30 USPQ2d 1911 (Fed. Cir. 
1994), the Board does not abuse its discretion 
when it declines to consider untimely argu- 
ments. Id. at 1572 n.14, 30 USPQ2d at 1916 
n.14. Furthermore, because the Board explic- 
itly stated in its November 2, 2000 order that 
additional briefing was optional, Brake, Paper 
No. 179 at 5, it is difficult to see how the sub- 
sequent refusal to consider the briefs could 
have been an abuse of discretion. 

Singh also asserts that the Board refused to 
consider certain arguments made in his 
"original" Main Brief. We find no abuse of 
discretion. Again, Singh did not show good 
cause for failing to raise these arguments at 



the preliminary motion stage, and the Board 
was entitled to decline to consider them. 

5. Conception and Reduction to Practice 

"Conception is the formation 'in the mind 
of the inventor of a definite and permanent 
idea of the complete and operative invention, 
as it is therefore to be applied in practice. 1 " 
Kridl v. McCormick, 105 F.3d 1446, 1449, 41 
USPQ2d 1686, 1689 (Fed. Cir. 1997) (cita- 
tions omitted). A conception must encompass 
all limitations of the claimed invention, see 
id., and "is complete only when the idea is so 
clearly defined in the inventor's mind that 
only ordinary skill would be necessary to re- 
duce the invention to practice, without exten- 
sive research or experimentation," Burroughs 
Wellcome Co. v. Barr Labs. Inc., 40 F.3d 
1223, 1228, 32 USPQ2d 1915, 1919 (Fed. Cir. 
1994). 

Priority of invention and its constituent is- 
sues of conception and reduction to practice 
are questions of law predicated on subsidiary 
factual findings. Brown, 276 F.3d at 1332, 61 
USPQ2d at 1238; Hitzeman u Rutter, 243 
F.3d 1345, 1353, 58 USPQ2d 1161, 1166 
(Fed. Cir. 2001). Accordingly, we review de 
novo the Board's legal conclusions with re- 
spect to priority, conception, and reduction to 
practice, 5 U.S.C § 706 (2000); Brown, 276 
R3d at 1332, 61 USPQ2d at 1238; Hitzeman, 
243 F.3d at 1353-54, 58 USPQ2d at 1166-67, 
and we review factual findings by the Board 
for substantial evidence, Dickinson v. Zurko, 
527 U.S. 150 [50 USPQ2d 1930] (1999); In re 
Gartside, 203 F.3d 1305, 1315, 53 USPQ2d 
1769, 1775 (Fed. Cir. 2000). 

A junior party whose effective filing date is 
earlier than the date the senior party's patent 
issued and who is seeking a determination of 
priority must demonstrate by a preponderance 
of the evidence either reduction to practice be- 
fore the senior party's priority date, or prior 
conception coupled with reasonable diligence 
in reducing the invention to practice from a 
time just prior to the senior party's entry into 
the field to the junior party's own reduction to 
practice. 35 U.S.C. § 102(g) (2000); Griffin v. 
Bertina, 285 F.3d 1029, 1032, 62 USPQ2d 
1431, 1433 (Fed. Cir. 2002); Mahurkarv. CR. 
Bard, Inc., 79 F.3d 1572, 1577, 38 USPQ2d 
1288, 1290 (Fed. Cir. 1996). 

It is well established that when a party 
seeks to prove conception via the oral testi- 
mony of a putative inventor, the party must 



proffer evidence corroborating that testimony. 
See Mahurkar, 79 F.3d at 1577, 38 USPQ2d 
at 1290; Price v. Symsek, 988 R2d 1187, 1194, 
26 USPQ2d 1031, 1036 (Fed Cir. 1993). That 
rule addresses the concern that a party claim- 
ing inventorship might be tempted to describe 
his actions in an unjustifiably self-serving 
manner in order to obtain a patent or to main- 
tain an existing patent. See Eibel Process Co. 
v. Minn & Ont. Paper Co., 261 U.S. 45, 60 
(1923); Kridl, 105 F.3d at 1450, 41 USPQ2d 
at 1689 ("The tribunal must also bear in mind 
the purpose of corroboration, which is to pre- 
vent fraud, by providing independent confir- 
mation of the inventor's testimony."); Price 
988 F.2d at 1194-95, 26 USPQ2d at 1036-37! 
There is no particular formula that an inventor 
must follow in providing corroboration of his 
testimony of conception. See Kridl, 105 E3d 
at 1450, 41 USPQ2d at 1689. Rather, whether 
a putative inventor's testimony has been suffi- 
ciently corroborated is determined by a "rule 
of reason" analysis, in which "an evaluation 
of all pertinent evidence must be made so that 
a sound determination of the credibility of the 
inventor's story may be reached." Price, 988 
F.2d at 1195, 26 USPQ2d 1031 at 1037. How- 
ever, that "rule of reason" analysis does not 
alter the requirement of corroboration of an 
inventor's testimony. Brown, 276 F.3d at 
1335. Evidence of the inventive facts must not 
rest alone on the testimony of the inventor 
himself. Cooper v. Goldfarb, 154 F.3d 1321 
1330, 47 USPQ2d 1896, 1903 (Fed. Cir! 
1998). 

Singh argues that the Board did not con- 
sider the totality of the corroborative evidence 
establishing Singh's conception, but only con- 
sidered individual pieces of evidence in "total 
isolation from one another." ■ Specifically, 
Singh argues that his November 24, 1982 
notebook entry and his ordering of the specific 
24-mer oligonucleotide ultimately used to 
carry out the loop deletion mutagenesis 
method (in February 1983) establish that he 
had a definite and permanent idea of the struc- 
ture of a DNA construct within the count and 
of an operative way of making it prior to 
Brake l's filing date. 

We disagree. First, as we stated in our ear- 
lier opinion, Singh, 222 F3d at 1368, 55 
USPQ2d at 1677, the Board correcdy held as 
a matter of law that Singh failed to prove that 
he conceived the claimed construct prior to 
December 1, 1982. In his November 24, 1982 



notebook entry, Singh identified the twenty- 
four nucleotides encoding the eight extrane- 
ous amino acids present in the IFN-D gener- 
ated by the p60 DNA construct, labeling them 
with the notation, "sequence to be removed." 
He also identified in that entry the twelve 
nucleotides immediately upstream and the 
twelve nucleotides immediately downstream 
from those twenty-four, Le., the flanking seg- 
ments. Accordingly, he may have articulated 
in that entry the problem to be solved, namely, 
the need to eliminate the twenty-four nucleoti- 
des encoding the extraneous amino acids. 
Nonetheless, substantial evidence supports the 
Board's finding that that entry alone was in- 
sufficient to corroborate Singh's testimony. 
Even if the entry expressed the problem, it did 
not provide the solution. See Brake, Paper No 
164 at 22-24. The Board's key findings in this 
regard, both of which are supported by sub- 
stantial evidence in the notebook entry itself, 
are: (1) that a linear 24-mer other than the one 
necessary to accomplish the deletion was first 
ordered, and (2) that the order was canceled 
the same day, with a notation "will do in a 
different way and w/o changing codons." Id 
at 23-24. 

Secondly, as noted above, the 24-mer se- 
quence that Singh initially ordered on Novem- 
ber 24, 1982, was not identical to the nucle- 
otides of the flanking sequences. Instead, he 
included several "preferred codons," casting 
doubt on the accuracy of Singh's statement 
that he ordered that 24-mer *"'[i]n order to re- 
move this sequence by oligonucleotide dele- 
tion mutagenesis." While it remains unclear 
exactly what Singh "planned" to do on No- 
vember 24, 1982, his identification, of pre- 
ferred codons suggests to us that his plans 
may not have included the use of loop dele- 
tion mutagenesis. 

The Board duly considered the fact that the 
24-mer ordered by Singh on December J, 
1982, was indeed complementary to the four 
codons on each side of the sequence Singh al- 
legedly desired to delete. See, e.g., Brake, Pa- 
per No. 199 at 13-14, 1.9, 58-59, 77-78. The 
Board also reviewed Singh's notebook pages 
purporting to demonstrate . conception. The 
Board concluded, and we agree, that "Singh's 
entire case for conception rests on the order of 
a 24-mer and an uncorroborated notation in a 
corner of Dr. Singh's notebook." Id. at 84, 

[2] There is nothing in Singh's notebook 
that corroborates his testimony that the No- 
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vember 24, December 1, and December 21 
entries were meant to be read together. Even 
viewing all of these entries together, however, 
we find that the sum falls short of proving by 
a preponderance of the evidence that Singh 
had a definite and permanent idea of an opera- 
tive method of making the DNA construct of 
the count prior to Brake 1 's filing date. As the 
Board observed, the notebook entries do not 
provide any protocol or outline of the loop de- 
letion mutagenesis procedure: "At best, the 
notation states a goal which Dr. Singh hopes 
to achieve; i.e., an in-frame deletion of the 1 
pro-IFN-D junction." Id. at 61. Adelman et 
al., In Vitro Deletional Mutagenesis for Bacte- 
rial Production of the 20,000-Dalton Form of 
Human Pituitary Growth Hormone, 2 DNA 
183 (1983), which described the loop deletion 
mutagenesis procedure, also described using 
oligonucleotides complementary to nucleotide 
sequences flanking codons to be deleted as 
probes for identifying plasmids from which 
the codons had been deleted. Id, at 188. We 
find it no less plausible that Singh was order- 
ing the 24-mer for use as a probe than it was 
that he was ordering it for use in the loop de- 
letion mutagenesis procedure. Indeed, Singh 
has pointed to no evidence in the record in 
support of his assertion that loop deletion mu- 
tagenesis was developed at Genentech in late 
1982 (the Adelman et al. paper was published 
in 1983), let alone that Dr. Singh knew of any 
such developments prior to Brake Vs filing 
date. The burden was on Singh to prove that 
he as the inventor had a definite and perma- 
nent idea of how to make the construct. See 
Coleman v. Dines, 754 F.2d 353, 360, 224 
USPQ 857, 863 (Fed. Cir. 1985). That he did 
not do. 

Finally, we address Singh's argument set 
forth in his brief that, "[w]ith respect to the 
issue of conception, this Court previously 
made specific findings . . . that Singh articu- 
lated a specific plan to design the claimed 
construct by the loop deletion method on No- 
vember 24, 1982." That statement is a mis- 
characterization of our earlier opinion, in 
which we simply said that the Board needed 
to consider the totality of the evidence, includ- 
ing evidence of Singh's identification of the 
"sequence to be removed" and the twelve 
nucleotides immediately upstream and down- 
stream from this sequence, as well as of his 
ordering of a 24-mer identical to the se- 



quences flanking the undesired sequence. . We 
are satisfied that the Board has done so. 

Thus, after review of the record evidence in 
light of the proper legal standards, we con- 
clude that substantial evidence supports the 
Board's key finding that no evidence links the 
nucleotide Singh ordered on December 1, 
1982, with a plan to design the claimed con- 
struct prior to January 12, 1983. 

Because we find that Singh did not meet his 
burden of demonstrating conception prior to 
Brake Vs filing date by a preponderance of 
the evidence, we need not address Singh's ar- 
guments regarding reduction to practice. 
However, we note the Board's finding that, 
apart from attorney argument, "Singh's evi- 
dence of diligence primarily consists of vari- 
ous pages from Dr. Singh's laboratory note- 
book which are (i) unexplained as to content 
and relevance to the invention of the Count, 
and (ii) uncorroborated." Brake, Paper No. 
199 at 88. We agree that Singh's activities 
completed on December 20, 1982, were the 
only relevant, corroborated activities per- 
formed by Singh prior to Brake l 's January 
12, 1983, filing date, and, as a result, Singh 
failed to prove reasonable diligence toward re- 
duction to practice by a preponderance of the 
evidence. 

C. Written Description and Enablement 

Whether a specification supports a claim 
corresponding to a count, and thus satisfies the 
written description requirement of 35 U.S.C. 
§ 112, f 1, is a question of fact, Vas-Cath u 
Mahurkar, 935 F.2d 1555, 1562, 19 USPQ2d 
1111, 1116 (Fed. Cir. 1991), and is, in appeals 
from the United States Patent and Trademark 
Office, reviewed under the substantial evi- 
dence standard. In re Gartside, 203 F.3d at 
1315, 53 USPQ2d at 1775. Singh argues that 
the Board erred in concluding that Brake is 
entitled to the benefit of the Brake 1 applica- 
tion. First, Singh contends that Brake did not 
provide an adequate written description of the 
invention of the count in the Brake 1 applica- 
tion, and should not be entitled to its benefit. 
According to Singh, Brake 1 disclosed a large 
genus, allegedly encompassing over 9000 spe- 
cies 5 (n is 0 or 1 to 4), of which the count is 
directed to only two (i.e., those where n = 0). 

3 Singh bases that number on the formula "((R) r - 
(GAXYCX) n -Gene*) y " disclosed at page 3. line 33, o'f 
Brake 1, in which R = CGX or AZZ; r = "an integer of 
from 2 to 4 preferably 2"; X = T, G f C, or A; Y = 
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Secondly, Singh asserts that Brake 1 does not 
provide an enabling disclosure with respect to 
the invention of the count, arguing that Brake 
1 does not disclose how to make and use the 
"n = 0'* embodiment, and that "the tech- 
niques which were available to Brake at the 
time of filing the Brake 1 Application were 
not sufficient to obtain the DNA constructs of 
the Count." Singh also argues that Brake 1 "is 
replete with passages which guide one of or- 
dinary skill in the art to constructs wherein n 
> 0, which constructs are not encompassed by 
the Count." Finally, Singh argues that "during 
prosecution of the Brake 2 Application, Brake 
argued that the results obtained with the n = 0 
construct were unexpected, because those of 
ordinary skill in the art believed that the GIu- 
Ala sequences were required." 

[3] Singh's arguments are not persuasive. 
First, we disagree with Singh's argument that 
the invention of the count represents just two 
of 9000+ species disclosed in Brake 1. Singh's 
calculation of 341 permutations for (GAXY- 
CX) n is apparently based on an unwarranted 
assumption that each iteration of the paren- 
thetical sequence is independently chosen. 
However, as Brake pointed out, because the 
variable *n* is outside the parentheses, 
(GAXYCX) n can code for either no amino ac- 
ids (i.e., when n = 0), or 1 to 4 copies of one 
of four different amino acid sequences (Le., 
Asp-Pro, Asp-Ala, Glu-Pro, or Glu-Ala). 
Brake, Paper No. 199 at 20-21 n.13. Thus, 
there are at most only seventeen (/.*., 4° + 4 1 
+ 4 1 + 4 l + 4 1 ) permutations of that sequence. 
Even among those seventeen, however, we 
agree with Brake that there are only two 
meaningful embodiments: one in which a 
dipeptidylaminopeptidase A (DPAP) signal is 
present (i.e., n = 1 to 4), and one in which it 
is not (Le., n = 0). 

Moreover, Singh's calculation of twenty- 
eight possibilities for the Lys/Arg sequences is 



G or C; y = "an integer of least one and usually not 
more than 10, more usually not more than four . . ."; Z 
= A or G; and n = "0 or an integer which will gener- 
ally vary from 1 to 4, usually 2 to 3." 

According to Singh, Each "R" can encode either 
Lys or Arg, so (R)r can encode twenty-eight (i.e., 2 2 + 
2 + 2 4 ) different amino acid sequences. In addition, 
each "GAXYCX" sequence can encode any of four 
amino acid sequences: Asp-Pro, Asp-Ala, Glu-Pro, or 
Glu-Ala, so (GAXYCX) n can encode 341 (i.e., 4° + 4 1 
+ 4 2 + 4 3 + 4 4 ) different amino acid sequences. Thus, 
Singh argues that the Brake 1 formula covers 9548 (i.e., 
28 x 341) different species. 



artificially inflated because it ignores the dis- 
closure of claim 5 of Brake 1 : 

5. A DNA construct comprising a sequence 
of the following formula: 

L-(R-S-(GAXYCX) n -Gene*) y 
wherein: 

L is a leader sequence recognized by 
yeast for secretion; 

R and S are codons coding for arginine 
and lysine; 

X is any nucleotide; 

Y is guanosine or cytosine; 

y is an integer of from about 1 to 10; 

Gene* is a gene foreign to yeast; and 

n is 0 or 1 to 4. 
U.S. Application 06/457,325 at 16, 11. 20-32. 

In claim 5, spacer R-S encodes four pos- 
sible sequences (Le., Lys- Arg, Arg-Arg, Arg- 
Lys, or Lys-Lys), not 28. Of these four, two 
permutations, Lys- Arg and Arg-Arg, are 
within the scope of the count. 

Singh cites Fujikawa v. Wattanasin, 93 F.3d 
1559, 39 USPQ2d 1895 (Fed. Cir. 1996), for 
the proposition that an application disclosing 
a generic chemical formula must provide ad- 
equate direction to those of ordinary skill in 
the art to lead them to a subgenus of the pro- 
posed count. We find Singh's reliance on Fu- 
jikawa to be unsound. In Fujikawa, we held 
that disclosure of a generic quinoline structure 
with four variable groups, each of which 
could be independendy chosen from a list of 
functional groups, provided insufficient writ- 
ten description support for a count directed to 
a subgeneric structure having a single combi- 
nation of the four groups. Id. at 1569-71, 39 
USPQ2d at 1904-05. However, Brake l's for- 
mula does not present the same issue as. did 
the quinoline in Fujikawa. First, replacing a 
functional group on a chemical compound can 
often have highly unpredictable results. We 
noted in Fujikawa that even a change as Seem- 
ingly trivial as replacing an isopropyl group 
with the isosteric cyclopropyl group at issue 
in that case could result in either a significant 
improvement or reduction in the activity of 
the compound against a particular biological 
target. Id. In the present case, on the other 
hand, as mentioned above, there are only two 
subgenera that are biologically relevant: one ^ 
in which a DPAP signal is present (i.e., n =1 
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to 4), and one in which it is not (i.e., n = 0), a 
simpler case than in Fujikawa. Here, more- 
over, claim 5 of Brake 1 discloses that "n is 0 
or 1 to 4," which is a clear "blaze mark" pro- 
viding in ipsis verbis support for "n = 0" in 
the count. In re Ruschig, 379 F.2d 990, 994- 
95, 154 USPQ 118, 122 (CCPA 1967). 

The Supreme Court has explained that "the 
possibility of drawing two inconsistent con- 
clusions from the evidence does not prevent 
an administrative agency's. finding from being 
supported by substantial evidence." In re 
Gartside, 203 F.3d at 1312, 53 USPQ2d at 
1773 (citing Consolo v. Federal Maritime 
Comm'n, 383 U.S. 607, 620 (1966)). In Fu- 
jikawa, we said that ,"[w]hile Fujikawa's argu- 
ments are not without merit, we cannot say, on 
this record, that the Board's decision was 
clearly erroneous." 93 F.3d at 1571, 39 
USPQ2d at 1905. In view of the fact that the 
"substantial evidence" standard of review that 
we now use post-Zurko requires us to give de- 
cisions of the Board greater deference than we 
gave in cases such as Fujikawa, we likewise 
decline to find legal error in the Board's con- 
clusion on the record in the present case. 

Singh's reliance on Bigham v. Godtfredsen, 
857 F.2d 1415, 8 USPQ2d 1266 (Fed. Cir. 
1988), is also unavailing. In Bigham, Godt- 
fredsen's first application disclosed a com- 
pound having a substituent "X", where X was 
defined as "a halogen atom." The application 
provided as its only example a compound in 
which X was chloro. Id, at 1416, 8 USPQ2d 
at 1267. This court ruled that that applica- 
tion's disclosure of "halogen" did not meet 
the requirements of § 1 12 as a written descrip- 
tion of bromo of iodo species, particularly 
where Godtfredsen had earlier argued in the 
same case that brpmo and iodo were patent- 
ably distinct from chloro in order to urge bi- 
furcation of the count. Id. at 1417, 8 USPQ2d 
at 1268. In the present case, in contrast, "n = 
0" was disclosed in Brake 1. If Godtfredsen 
had provided examples of fluoro, bromo, and 
iodo compounds in addition to the chloro 
compound, that case might have been decided 
differently, even in spite of Godtfredsen's 
"patentably distinct" argument. 

Singh's arguments with respect to enable- 
ment are likewise unconvincing. Enablement 
is a question of law based on underlying fac- 
tual determinations- In re Swartz, 232 R3d 
862, 863, 56 USPQ2d 1703,. 1704 (Fed. Cir. 
2000). We review the Board's, underlying 



findings of fact for substantial evidence, and 
review de novo its ultimate conclusion 
whether a disclosure is enabling. Id. Singh ar- 
gues in his brief: 

The Board takes internally inconsistent po- 
sitions with respect to whether methods for 
obtaining a construct of the Count using 
Brake's starting material were available to 
those of ordinary skill in the art at the time 
the Brake 1 Application was filed. To sup- 
port its* finding that Brake is entitled to ben- 
efit, the Board finds that such methods ex- 
isted. However, to support its finding that 
Singh had not conceived of the invention 
prior to the Brake 1 Application filing date, 
the Board makes the contrary finding. 

[4] We find no error or inconsistency in the 
Board's analysis. As we wrote in Glaxo Inc. v. 
Novopharm Ltd., 52 F.3d 1043, 1050, 34 
USPQ2d 1565, 1569 (Fed. Cir. 1995), "the 
enablement requirement . . . looks to the ob- 
jective, knowledge of one of ordinary skill in 
the art." Id. (citing Spectra-Physics, Inc. v. 
Coherent, Inc., 827 F.2d 1524,. 1532, 3 
USPQ2d 1737, 1742 (Fed. Cir. 1987)). Thus, 
whereas the . test for determining whether or 
not Singh conceived the construct of the count 
depended on Singh's own personal knowledge 
of methods for making the construct and his 
formulation of a definite and permanent idea 
therefor, whether Brake 1 enables an inven- 
tion within the count does not depend on what 
Brake knew, but rather on whether the appli- 
cation enables one skilled , in the art to make 
and use the invention, Hybritech Inc. v. Mono- 
clonal Antibodies, Inc., 802 F.2d 1367, 1384, 
231 USPQ 81, 94 (Fed. Cir. 1986), "at the 
time the patent application was filed." Ajino- 
moto Co. v. Archer-Daniels-Midland Co., 228 
F.3d 1338, 1345, 56 USPQ2d 1332, 1337 
(Fed. Cir. 2000). The Board found that the tes- 
timony of Brake's witness, Dr. Patricia 
Tekamp-Olson, demonstrated that those of or- 
dinary skill in the art had in their possession 
in 1982 various molecular biological methods 
sufficient to make and use the "n - 0" con- 
struct, including site-directed mutagenesis. 
Brake, Paper No. 199 at 24-27. The Board 
also found that Singh's expert, Dr. Joseph 
Falkinham, mischaracterized the teachings of 
the Fritz article on which he relied in his at- 
tempts to discredit Tekamp-Olson's testimony. 
Id. at 40. 

As further "proof" that Brake 1 does not . 
provide an enabling disclosure of the inven- 
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tion of the Count, Singh also alleges, for ex- 
ample, that "the Brake 1 Application actually 
steers the artisan to species clearly outside the 
Count," that "during prosecution of the Brake 
2 Application, Brake argued that the results 
obtained with the n = 0 construct were unex- 
pected," and that "Dr. Brake did not realize 
the disadvantages of the n > 0 constructs until 
well after the Brake 1 Application was filed." 
We are not persuaded by any of these argu- 
ments, and conclude that Singh has apparently 
confused the criteria for proving obviousness 
with those for demonstrating that a disclosure 
is nonenabling. Although the questions (1) 
whether or not a reference "teaches away" 
from a claimed invention and (2) whether or 
not a claimed invention provides "unexpected 
results" are relevant in determining whether 
or not a claimed invention would have been 
obvious, W.L Gore & Assocs., Inc. v. Garlock, 
Inc., 721 F.2d 1540, 1550, 220 USPQ 303, 
311 (Fed. Cir. 1983), they are not the primary 
questions bearing on enablement. The fact that 
the Brake patent states that n in the construct 
is "preferably 2 or 3" is also irrelevant to the 
question of enablement of the n = 0 con- 
struct. 6 Similarly, the fact that the n = 0 con- 
struct might have had after-discovered advan- 
tages over the n > 0 constructs has no bearing 
at all on whether or not Brake 1 contained an 
enabling disclosure. 

We thus conclude that substantial evidence 
supports the Board's finding that Brake was 
entided to the benefit of the Brake 1 applica- 
tion. We have considered Singh's other argu- 
ments and do not find them persuasive. 

'conclusion 

Because the Board's decision was sup- 
ported by substantial evidence and contained 
no errors of law, the Board did not err in con- 
cluding that Singh failed to show (1) that 
Brake was not entitled to the Brake 1 filing 



6 The Board properly discredited Falkinham's testi- 
mony on that point. Paragraph 9 of Falkinham's Decla- 
ration states: "Although there was a theoretical presen- 
tation of the n=0 construct in the Brake 1 application, 
there was a clear statement that V in the construct was 
•preferably 2 or V (column 3, line 25) or 'usually 2 or 
y (column 2, line 68) . . . One skilled in the art would 
have determined from the Brake specification that the 
n=0 construct was not desirable." As the Board noted, 
Brake, Paper No. 199 at 36, Falkinham's citations to 
"columns'* 2 and 3 obviously refer to the Brake patent 
(of which claim 1 is identical to the Count in this inter- 
ference), and not to Brake 1 . 



date and (2) that Singh reduced the invention 
to practice before Brake's priority date. The 
Board's decision to award judgment to Brake 
is therefore 

AFFIRMED. 
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pleaded allegations" as requested in appli- 
cant's interrogatories, is overruled, since ap-. 
plicant's requests are equivalent to improper; 
request for identification of fact witnesses and 
trial evidence prior to trial, since applicant has ; 
not been deprived of opportunity for discov- 
ery, or subjected to "trial by ambush," and 
since applicant did not formally . or clearly 
raise objection until she filed her brief, and' 
therefore has waived her objection to oppbs^ 
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Honorable Commissioner of Parents and iradrmarics 
Washington, D.C 20231 

Sin 

L Arjun Singh, hereby declare as follows: • 

1. I am the sole inventor of the subject matter claimed in U.S. Patent 
Application Serial No. 06/506,098 filed June 20, 1983 and its continuation, U.S. Serial 
No. 07/552,719, filed July 16, 1990. , 



2. - I am a citizen of the United Stares residing at 735 Cape Breton Drive, 
Pacifica, California 94044. 
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3. I was employed as a research scientist and Scieariric Manager by 
Gcnenedu Inc. fGenentech") locked ai 460 Point San Bruno Boulevard, South San 
Francisco, California 94080 from 1981 to 1991. 

4 From 1992 to the present, I have been employed fay Genotypes, Inc., 
located at 61 Airport Boulevard, Suite B, South San Francisco. California 94080 as the 
Director of Molecular Generics. 

.5. My qualifications, which arc more fully set qui in my curriculum vime . 
(Singh Exhibit 1, Bates No.' 000509-513), include a PhD. in generics awarded in . 
1969 fay the University of Illinois at Champaign-Urbana and over 24 years of 
experience in generics and molecular biology of year. 

6. It was my practice in 1982 and 1983 to write the date thai an 
experiment was carried out at the bottom of the page of my Notebook. When I 
entered data mat were generated by others into my Notebook, I generally entered the 
date that such data were put into my Notebook at the bottom of the page. 

7. As pan of my job in 1982 and 1983, 1 supervised June Lugovoy's work 
verv cioselv and directed her research. 
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genes code for a-factor peptides. The a-factor pcpu.de derived from the major gene is 
initially produced by the yeast ceil as a prepro poly a-peptide consisting of 165 amino 
acids. During processing in the yeast cell, a region ai the N-tcrminus of the peptide 
consisting of 19 or 20 amino acids is cleaved from the peptide, resulting in a peptide 
of 145 amino acids. ' The sequence removed is commonly referred to as the "pre" 
region or signal peptide. The signal pcpdde is followed by a "pro" segment of 
approximately 60 amino acids. Tne second half of the' a-factor precursor contains four 
tandem copies of mature a-factor precursor, each preceded by a spacer peptide. . 
Processing of the a-factor precursor by removal of the spacer peptides yields four 
mature a-faciors (Singh Exhibit 28, Baxes Nos. 000514-000528; Singh Exhibit 5, Bates 
Nos. 000491-000501). 

12. By June 1, 1982 I had isolated two DNA fragments confining a-factor , 
genes from 5. cerzvisiaa: a 1.7 kb EcoRI fragment and a 1-.8 kb HinriTTT fragment. 
(Singh Exhibit 2, Notebook. 1007, Bales Nos. 000001-000008, 000011-000015, 
000017). On June 1-2, 1982, 1 recorded thai I had ligated the isolated fragments to 
appropriately cleaved plasmdti pBR522 DNA. I. used the ligation mixture to transform 
Exoli 294 (Singh Exhibit 2, Notebook 1007, Bates Nos. 000018-000019). 

13. I screened 40 transformed Exoli cuirures to identify the ones which 
contained the a-factor gene. (Singh Exhibit 2, Notebook 1007, Baies No. 000020.) 
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On June 5, 1982 I explain on Bares page OC0021 of my Notebook (page 57) mar me 
Hind* fragments from DNA of done #14, idendned-on Bates page 000017 of my 
Notebook (page 53), had been successfully cloned bur max cloning of EcoRI figments 
from the DNA of clone #16 was not successful I therefore reisolaied EcoRI 
fragments from clone #16 and repeated the ligarion into P BR322 as previously 
described. (Singh Exhibit 2. Notebook 1007, Bate, Nos. 000022-000024). Bates page 
000025 of my Notebook shows that by June 21, 1990 I had' transformed colonies with- 
the new EcoRI fragments (page 71). On Bates page 000026 (Singh. Exhibit 2. 
Notebook 1007), a gel is shown which demonstrates mat me EcoRI fragments were " 
successfully cloned in 4 independent colonies. 

14 On June 23, 1982 I verified which clones had correct DNA inserts by 
hybridizzrion with the labeled oligonucleodde probes. (Singh Exhibit 2, Notebook 
1007, Bates Nos. 000027-000029.) 

15. • As recorded on June 27, 1982, ai the bottom of Bates page 000029 
(Singh Exhibit 2, Notebook 1007) the piasmid containing the HindJH fragment in 
pBR322 was named p54, while the piasmid crmring the EcoRI . fragment was named 
p53. June Lugovoy's Notebook shows the resrricrion map of p53- (Singh Exhibit 20, 
Notebook 861, Bates No. 000415). 
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16. From June 2S id June 29, 1982 1 digested the DNA from p53 and p54 
with various enzymes to construct their restriction enzyme maps (Singh Exhibit 2, 
Notebook 1007, Bates Nos. 000030-000031). The restriction enzyme maps I made for • 
p53 and p54 were recorded by me on July 1, 1982 on page 81 of Notebook 1007 
(Sineh Exhibit 2, Bates no. 000031) I could use these maps to design the next 
plasmid construes containing the a-factor genes and to obtain DNA fragments of the 
a-factor genes for sequencing. 

17. On July 1, 19&2 I recorded on the bottom of Bares page 000032 (Singh 
Exhibit 2, Notebook 1007) the next steps thai had to be done: 1) run acryiaraioe gel 
for smaller fragments: 2) perform double digests that cut in inserts; and 3) find out 
what additional information was needed for sequencing the a-factor gene. 

18. From June 29, 1982 to July 5, 1982, I rerested p53 and p54 for 
hybridizarion with the probes and found on July 5, 1982, thai p53 hybridized but p54 
did not hybridize as shown on Bates pages 000033-000034 (Singh Exhibit 2, Notebook 
1007). Because I had not yc: cloned the 1.8 kb- FRnriTTT fragment, I began preparing 
p54 over ag2in on July 10, 1982. (Singh Exhibit 2, Notebook 1007, Bates No. 
000035). Hie resulting plasmid DNA was available by July 17, 1982 and was named 
p56. (Singh Exhibit 2, Notebook 1007, Bates No. 000036-000038.) I then mapped 
p56 for sevemi restriction enzyme sites and confirmed the presence of the hybridizing . 
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sequence by a "dot bloc" procedure from July 24 to July 29, 1982. (Singh Exhibit 2, 
Notebook 1007, Bates Nos. 000039-000045, Singh Exhibu 3, Notebook 1249, Bains 
No. 000050.) 

19 I csefnaed thai new plasmid pS6 remained the 1.8 kb ffindJH fragment 
insert of yeas: e-tar. Plasmid p53 contained the 1.7 kb EcoRI fragment insert of 
year, a-facxr. Taese fragments were later referred to by me respectively as MJLc2 : 
and MFcd as shown in Singh Exhibit 3, which represents selected pages from my 
Notebook No. 1249. (Baics Nos. 00004«XX»55. OOOlSWXXXa?.) 

20. I hypothesized thai the plasmids containing MFal promoter and 
piepro/sp'acer sequences could be used for expression and secrcdon of human proteins 
in yeast cells. 

-> 1 On August 6, 1982, 1 devised a method of creating a general expression- 
vector for expressing and secreting human polypepddes using the c-factor promoter 
and the prepro and spacer sequences from p53 (MFal). (Singh Exhfoit 3, Notebook 
1249, Bates Nos. 000060-000062.) On my insrxuerions, June Lugovoy removed the 
' DNA sequences ceding for the ofactor structural gene from p53 so that the resulting 
plasmid, p57. contained the promoter sequences and the sequence corresponding to 89 
amino adds of die oaoor "prepro/spacer" protein. (Singh Exhibit 3, Notebook 1249, 
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Baics Nos. 000064-000065.) The DNA frasmcnr comaimngthe pr=uio/s?ac=r ci-factor 
sequence was to be ligated to a DNA fragment containing the human interferon D 
(IFN-D) sequence and the plasmid p3R322 in a three-way ligation to form p58 (Singh 
Exhibit 3, Notebook 1249, Bates Nos. 000060-000061). From August 12 to August ' 
21, 1982, I carried out this plan (Singh Exhibit 3, Notebook 1249, Bares Nos. 000066- 
000068).' The Notebook of 1 Lugovoy shows- the restriction map of p5S. (Singh 
Exhibit 20, Notebook 861, Bates No. 000417.) 

22. On AuHust 21, 1982, I transformed E.coli 294 with the ligation mixture 
for p58 and directed June Lugovoy to screen 40. colonics of transfonnants for correct 
insertion and orientation. (Singh Exhibit 3, Notebook 1249, Bates Nos. 000069-70.) 

23. ' Tne uropcrry of growth inhibition of "a" yeast cells by c-factor was 
used to test whether or not the pheromone gene contained in the cloned 1.7 kb EcoRI 
and 1.8 kbp Hindm fragments was functional If an active a -factor pheromone gene- 
were present in a plasmid, it would be expected that significantly more pheromone 
would be synthesized in yeast cells containing a multi-copy plasmid than in yeast cells 
containing only the chromosomal copy (or copies) of the gene. The enhanced level of 
The a-factor could then be detected by an increase in the area of non-growth in a lawn 
of responsive- "a" yeast cells. In July and August, 1982, I conducted experiments 
which determined thai yeast transfonnants containing MFal coding sequences 
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produced the most ofaoor by growth inhibiiion tests. By August 27. 1982, 1 
concluded that the 1.7 kb EcoRI (MFal) fragment contained active a-faaor 
phexomone gene (Singh Exhibit 3, -Notebook 1249, Bates No. 000071.) " 

?4 On August 27, 1982, 1 concluded that p58 was a general vector for ce- 
faclor directed secretion that could be used with any gene which began with either an 
EcoRI restriction site next to the ATG (start) codon or a Xbal and EcoRI site next to 
the ATG coden. (Singh Exhibit 3, Notebook 1249, Bates Nos. 000072-0CO073.) 

25. During the period September 1 to September 6, 1982, the plasmid 
DNAs from several E. call transferrins having the p58 a-factor-inrerferqn 
constructions were tested by June Lugovoy using restriction enzyme digests. Tnree 
rransformanrs appeared to have ore appropriate insert. (Singh Exhibit 3, Notebook 
1249, Bates No. 000074.) 

. 26. During the period September 6 to September 11, 1982, June Lugovoy 
prepared DNA from two transformants containing the pS8 plasmid. I instructed June 
Lugovoy to partially digest the plasmid DNA and to isolate a DNA fragment having 
the complete a-factor prepro/spacer sequence and the IFN-D sequence. Ibis fragmem 
was ligated into the yeast plasmid YEp9FT. (Singh Exhibit 3, Notebook 1249, Bates 
No. 000075). The resulting plasmid was designated p60. E.coli ceils were 
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transformed wim the ligation mixture and transformants having me pLasrnid p60 wcrr 
identified. (Singh Exhibit 3, Notebook 1249, Bares No. 000075.) The Notebook of 
June Lugovoy shows the restriction map of p60. (Singh Exhibit 20, Notebook 861, 
Bares No. 00041 S.) • 

27. rrom September 12, 1982 to September 13, 1981, I Transformed 5. 
czrzvisiaz ceils with the piasmid p60 and obtained a number of uansformanis. . 
(Sinsrh Exhibit 3. Notebook, 1249, Bates Nos. 000075-000076.) -I signed up with the 
Assay Group to conduct bioassays for interferon expression in the transformed yeast 
cells. 

23. Durins m: period September 14 to September 16, 1982, .bioassays of 
the level of interferon in each of the yeast p60 transformant cultures were performed. 
(Singh Exhibit 3. Notebook 1249, Bates No. 000077-000080.) "This bioassay tests the 
interferon activity cf yeast exuacts by comparing- the activity of the yeast extracts to 
the activity of interferon standards using a vesicular stomatitis virus challenge of 
bovine kidney tissue culture ceils. In the bioassay, the active int e r f e r on in the yeast 
extracts will prevent killing of the cells by the virus. This bioassay was a routine test 
for interferon activity. Tnc interferon standard used was NTH leukocyte interferon 
standard G-203-90 1-527. Tne calculations done to determine the amount of interferon 
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secreted inio chc medium arc shown as Singh Exhifaii 3, Notebook 1249, Bates Na 
000081. 

29. By September 20, 1982, I had provided the 5. cerevisiae Pep4-p60 
strain to John Wulf. On September 27, 1982, I received the results of a fermema " 
run of the yeast containing the p60 piasmid from John- Wulf. John. Wulf relabeled 

WS1240. Tne resuits of this fermentation run show that mere were' 2 x 10 9 
of interferon per liter of medium. (Singh Exhibit 3, Notebook 1249, Bates No: 

000085.)' 

30. Researchers at Genentech, Inc. had also been working on expression of 
DNA coding for human insulin-like growth factor (IGF). On September 25, 1982, 1 
devised a method to insert the IGF structural gene into a yeast expression piasmid next 
to the a-factor prepro/spacer sequence (Singh Exhibit 3, Notebook 1249, Bates No. 
000082). From September 25 to September 26, 1982, 1 isolated the 1140 bp sequence 
containing the a-factor prepro/spacer sequence from p58 and.ligaied it into the yeast 
vector YEo9T to make plasmid p65. (Singh Exhibit 20, Notebook 861, Bates No. 
000419.) James Lee tested twenty-two colonies and found that twenty-one of these 
had the insert and ten had the correct orientation. (Singh Exhibit 3, Notebook 1249, 
Bate Nos. 000083-000084.) James Lee then inserted a 220 bp DNA fragment 
containing the IGF structural gene into the YEp9T vector with the a-factor sequence. ■ 
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Expression and secretion of IGF1 was dcmonsrzrcd by November 1, 1982. (Singh 
Exhibii 3, Notebook 1249, Bares No. 000101.) 

31. On September 27, 1982, I designed a method of inserting the immune 
interferon gene into p65. (Singh Exhibit -3 1 Notebook 1249, Bares No. 00008c.) 

32. On Oaober L 1982, I designed a method of inserting the tissue . 
plasminogen acuvator gene (tPA) next to the prepro/spacer sequence of a-facior in a 
yeast plasmid (Singh Exhibit 3, Notebook 1249, Baies No; 000087-000088.)- 

33. On October 1, 1982, Bill Kohr reported to me that the N-terminus of 
the.nrocessed IFN-D expressed by p60 yeast tisiisformants contained 8 additional 
amino adds which corresponded to the four amino acids from the first spacer region 
of the pieuio a-factor sequence immediately following the -amino acids "lys arg\ and 
four amino acids from the linker sequence at the beginning of the IFN-D sequence. 
These amino adds were w Glu Ala Glu Ala Leu Glu Phc Met." (Singh Exhibii No. 11, 
Bates Nos. 000201-000236) 

34. After receiving this information from Bill Kohr, on or about October 1, 
1982, 1 realized thai I would need to design a yeast expression vector in which the 
codons coding for the four unwanted amino adds from the spacer region of the 

-12- 



A266 



DECLARATION OF DR. ARJUN SINGH 

r 

prepro/spacer sequence of the a-factcr gene and the four unwanted amino acids of ihe 
■ linker sequence. at the beginning of me IFN sequence war deleted. Such a vector 
would allow expression of any protein in a manner so mat it began at the correct N- 
terminal amino acid when the codon for the first amino acid in the gene was placed, 
next to the codon for me Arg amino acid in the c-factor prepro/spacer sequence- On 
or about October 1, 1982, 1 told this idea to a number of people including Ron 
Hitzeman. John Wulf and Bill Kohr. 

35 On October 5, 1982, while I decided how to consrruct a plasrnid to 
delete the unwanted codons, I designed constructions using the calf rennin gene and ce- 
faclor promoter and complete prepro/spacer sequences in a yeast plasrnid. (Singh 
Exhibit 3, Notebook 1249. Bates No. 000089.) 

36. On October 5, 1982, I received the results from a protein gel which J. 
Perry had run on the media from the fermentation of yeast cells containing the p60 
plasrnid. These zels showed that the yeast media had a protein which migraied at the 
same rate as IFN-D in the geL (Singh Exhibit 3, Notebook 1249, Bates No. 000089.) 

37. Dorins the period from October 6 to November 5, 1982, I conducted a 
number of restriction digests and ligations to construct a plasrnid having the tPA gene 
next to the a- factor prcpro sequence by the method as described above in paragraph 
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32. (Singh Exhibit 3, Notebook 1249, Bares Nos. 000090-92, 000094, 000099- 
0000100, 0001024»0103.) 

38. On October 12, 1982, 1 insuncted June Lagovoy to perform ligations 
wiih vector p65 and EcoRI fragments of various genes, including ^-interferon, insulin- 
like erowth factor (IGF), and human serum albumin (HSA), which were obtained from 
other scientists at Gencntcch, Inc." (Singh Exhibit 3, Notebook 1249, Bates No. 
000092.) All of these ligations would place the gene next to the complete 
prepro/spacer sequence of a- factor. Tnese ligation mixtures were used to transform 
Exoli 294 and miniscreens were performed on October 13, 1982. (Singh Exhibit 3, 
Notebook 1249, Bates-No. 000093.) 

39. On October 15, 1982, 1 devised a plan to construct a yeast expression 
plasmid having the y-IFN gene joined to the DNA sequence in die a-factor 
prepro/spacer sequence immediately after the codons coding for the amino acids lys 
arg. This construct would eliminate the codons from the spacer region of the a-factor 
prenro/spaccr which coded for the amino acids which were not removed during 
processing. On October 15, 1982, I wrote this into my Notebook 1249 ai pages 46-49. 
(Singh Exhibit 3, Bates Nos. 000095-000098.) In order to construct the yeast plasmid 
having the y-IFN sene, I needed to .order a synthetic oligonucleotide complimentary to 
nucleotides 1201-1216 of the plus strand of a-factor. This was a I6mer with the 
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sequence T CI 1 1 1 A TCCAAAG AT. The term I6mcr refers to the number of 
nucleotides in the sequence. In this case there were 16 nucleotides. On November 1, 
1982, 1 ordered a lomcr corresponding id the sequence TCTTTTATCCAAAGAT. 
The Synthetic DNA Request is shown ar my Notebook 1249, at page 76. (Singh 
Exhibit 3, Bates No. 000125.) Peter Ng completed purification of this oligomer on 
November 16, 1982, as evidenced by his notes on the Synthetic DNA Specification. 
(Singh Exhibit 3, Notebook 1249, Bates No. 000125,) I also needed a DNA double 

stranded linker having the sequence 

GATC TGT TAC TGT CAA ' 

ACAATG ACA GTT CTG 

While I designed this construct on October 15, 1982, 1 later decided to proceed by a 
different method. 

40. On October 20, 1982, 1 instructed June Lugovoy to do transformations 
in S. csrevisiae Pep4 using plasmids having the complete prepro/spacer ofactor 
sequence and the genes for either HSA, IGF and ^interferon which had been 
previously constructed. (Singh Exhibit 3, Notebook 1249, Bates No. 000099.) 

41 On October 22, 1982 a memo was issued by Jim Swanz which 
indicated that the prepro a-factor-LIF-D plasmid in "Pep 4-3 yeast had produced LIFD 
CTFN-D") in the supernatant which comprised 40-50% of the total protein in the 
suneraaanL This memo indicates that the LIFD in the supermini consisted of manire 
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LIED plus eisht amino acids. Ail bur the pertinent inform a ri on has been blocked our 
of this exhibit. (Document G2D005 1406- 1409) (Singh Exhibit 18, Bates Nos. 000403- 
000406.) 

42. On October 25, 1982, a Yeast Project Team meeting was held at which 
I discussed a-factor expression systems. J. Swartz and R. Hitzeman attended. A 
Summary of this meeting (Document GX0000687-691.) (Singh Exhibit 19, Bates Nos. 
000407-00041 1.) shows that other genes had been tested with the a- factor system, 
including interferon, IGF, immune interferon, and HSA. Tnc Summary also states that 
I was working on constructions that would allow cleavage following the lysine 
arginine of a-factor presequence to release mature protein with a correct N-terminai 
end All but the pertinent information has been blocked out of this Summary. 

43. On November 8, 1982, 1 transformed Ejcoli cells with the YEpl3 vector 
having the tPA gene ligated to the complete a-factor prepro/spacer sequence 
constructed from October 6, 1982 to November 5, 1982 (paragraph 37). From 
November 11 to November 16, 1982, I digested the DNA from a number of 
nansformants to determine if I had the correct plasmid construct (Singh Exhibit 3, 
Notebook 1249, Bates Nos. 000103-106). I determined I had the proper construe: and 
labeled it p68. (Singh Exhibit 3, Notebook 1249, Bares No. 000106.) The Notebook 



-16- 



A270 



DECLARATION OF DEL ARJUN SINGH 

cf June Lugovoy shows the reaction map of P 6S. (Singh Exhibit 20, Notebook 861, 
Bates No. 000422.) I gave the piastre: DNA to June Lugovoy to transform 



vcast. 



44. On November 23, 1982, 1 tested the yeast A145' transformed wi± the- 
piasmid p68 on fibrin P^ for production of tPA. '(Singh Exhibit 3, Notebook 1249, 
Bates No. 000107). On December 2, 1982, I obtained the results of my ten (Singh 
Exhibit 3, Notebook 1249, Bates No. 0001 13.) I also digested P 56 and isolated a 1300 
bp fragment which I sent to E. Chen for sequencing. (Singh Exhibit 3, Notebook 
1249, Bates No. 000107.) 

45. On November 24, 1982, 1 designed an MFal-IFNa-1 junction sequence. 
The sequence canenxly at the junction between the a-ractor prepro gene sequence and 

the 3FND gene in plasmid p58 was 

, . „ „-,„ ? - = c^u ala leu clu phe me- cys asp leu pro 

T?G Sl.1 ill IS. IS S3 Si =CT CIX .«* ?TC AIQ TGT GAT CTC CCT 

Tne sequence to be removed was 

a i u ala clu ala leu clu phe me- 
G&G GCT GAA GCT CTA GAA.TTC ATG 

In order to remove this sequence by oligonucieodde deletion mutagenesis, I needed to 
order a synthetic singic-stranded DNA fragment having. rhe sequence 
TTGGACAAGAGATGTGACTTGCCA. I requested this 24mer on November 24,' 
1982 then canceled the request the same day noting at Notebook 1249, page 59 (Singh 
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Exhibit 3, Bates No. 000108), thai I would do this in a different way and without 
cnanging codons. 

' 46. On November 29, 1982 I inoculated cultures with the tPA/A145 
transforman ts. On December 2, 198Z I noted thai seven transfaimants expressed 
intracellular t?A arid two of those secreted tPA- as well. (Singh Exhibit 3, Notebook 
1249, Bates Nos. 000109, 000113.) 

47. On December 1, 1982, I prepared a. synthetic DNA request for a 24mcr. 
This oligonucleotide was to be used for making the infrarne deletion of the junction of 
a-facior pro sequence 'and interferon instead of the oligonucleotide discussed at 
paragraph 45. The 24mcr requested was AGGG AG ATCACATC 1 1 i i ATCCAA. A 
copy of this Synthetic DNA Request as well as a Synthetic DNA Specification form is 
shown at Notebook 1249, page 77 (Singh Exhibit 3, Bates No. 000126). As indicated 
on the Synthetic DNA Specifications, the purification of this 24mer was completed on 
December 20, 1982. (Singh Exhibit 3, Notebook 1249, Bates No. 000126.) 

48. On December 4 t 1982, I entered into my Notebook the results of the 
radioimmunoassay of the level of tPA produced by the transformahts having the tPA 
gene and the complete a-factor prepro/spacer sequence on piaszrdd p68. This test 
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„ A „_.- nf1 Q f tPi usin» ofactOT-tPA constructs. (Singh 
shows the expression ana secreaon- or ir a x»u a t» -«-uj t 

Exhibit 3, Notebook 1249. Bates No. 0001 14.) ■ 

49. From December 5, 1982 to December 27, 1982, 1 designed 2nd 
constrrad another t?A expression plasmic. This piasraid could be used in the Pep 4 
strain of yeas: (which.* a op auxotroph) because the plasmid contained the TRPl 
gene. (Singh Exhibit 3. Notebook 1249. Bates Nos. 000116^000117, 000119-000123. 
000127-000128.') 

50. On December 14. 1982, I presented my results to the Research Review 
Group (RRG), Ytas: secredon was discussed by myself and Ronald Hitzemaa. Singh 
Exhibit 25 (Bates Nos. 000455-000487) includes a. summary of the meeung and the 
documents I presented a: the Meeting: In this' Exhibit all but the percent interna 
has been blocked ou. At this meeting I described the a-factor gene organization and 
its structure including me spacer having the sequence lys arg followed by giu ala's. I 
also described thai my future work would include removal of sequences from the 
interferon D expression piasmid with rite directed delenon mutagenesis and 
consTmction of expression piasmids with a restriction site following the c-factor 
prepro sequence. (Singh Exhibit 25, Bates Nos. 00O455-O00487.) 
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51 On December 15, 1982, I received die results of a panial EcoRI digest 
of p58 prepared by Jane Lugovoy and isolated the 1720 base pair fragment containing 
the complete a-factor promoter and prepro/spaccr intcixeron-D gene as shown at 
Notebook 1249, page 73. (Singh Exhibit 3, Bates No. 000122.) 

52. On December 18, 198Z I isolated the 1800 base pair complete a-factor 
promoter prepro/spacer-intcneron D sequence from p60 and insencd the fragment into ■ 
the plasmid M13mp8 for delcdon mutagenesis, as shown at Notebook 1249, page 75. 
(Singh Exhibit 3, Bates No. 00124.) 

53. From' December 31, 1982 to January 3, 1983, 1 transformed Exoli with 
the ligation mixture having the tPA expression vector allowing trp . seiecrion. I also 
transformed Exoli with the M13mp8 ligation mixtures having the a-factor-UND 
sequence. I obtained a number of transformants as shown at Notebook 1249, pages 80 
and 81. (Singh Exhibit 3, Bates Nos. 000129-000130.) 

54. On January 5, 1983, I pasted the resuicdon map of M13mp8 into my 
Notebook 1249, page 82. (Singh Exhibit 3, Bates No. 000131.) On January 6, 1983, I 
digested the transformants I had obtained with a number of restriction enzymes and 
determined that three recombinant "M13mp8 plasmids containing the EcoRJ insert 
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, . ^r- were obtained 2S indicaied at Notebook 1249, page. 83. 

having tnc spacer sequenc- wa. ^ 

(Singh Exhibit 3, Bates Ho. 000132.) 

55' • The results of a December 20, 1982 fermentation of S. eerevisice Pep 4- 
3 having a plasmid with a-factor linked to the HSA gene were received by me from 
John Wulf on either January 9 or January 10, 1983, as shown in Notebook 1249, page 
84.: (Singh Exhibit 3, Notebook 1249, Bates- No. 000133.) John Wulf hid labeled this, 
fermentation run WS141Q. 



DO. 
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56. On January 19. 1983, 1 requested the synthesis of rwo 15 mer a-factor 
es. #3 - TGCCAGGAGCATCAA and #4 - ATTGCCAQCATTGCT. The 

reference number for #3 was VL535-1 and for #4 was V1535-2. Column 7 of Peter 
Ng's log book shows that Peter Ng completed the purincarion of both sequences on 
January 20, 1983. (Singh Exhibit 6, Log Boot Bates Nos. 000187-000188; Singh 
Exhibit 8, Notebook 1507, Bates No. 000195.) 

» 

57. On or about January 20. 1983, 1 received from John Wulf the results of 
a January 12, 1983 fermentation of yeast having a plasmid with a-factor linked to the 
bovine interferon gene as shown in Notebook 1249, page 95. (Singh Exhibit 3, 
Notebook 1249, Bates No. 000144.) 
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58. From January 21, 1985 to January 27, 1983, I conducted deletion 
mutagenesis of ihe Vfactor spaccr-IFN-D sequence cloned into M13mp8 using the 
synthetic 24 mcr ordered on December 15, 1982 (Singh Exhibit 3, Notebook 1249, 
Bates No. 000136-000139). During the period 1982 to 1983 site directed deletion 
mutagenesis was a known technique As set forth in Sambrook, ct aL "Molecular 
aoning"-2nd Edition (1989) at pages 15-51 and 15-52 (Singh Exhibit 36, Bates 
Nos.000564-COC566), iris technique was known in the early 19.70's and had developed 
into an established m ethotiology by 1982. Seven of the deletion mutant plasmids were 
chosen for sequencing and C- cracking on January 31, 1983. 

59. During the period February 8 to February 10, 1983, I C-trackcd and/or 
sequenced the ma ants prepared as described above in paragraph 58. I noted that I 
loaded the gel with Dennis. By February 10, 1983, the sequence of one of the 
mutants at the junction of the a-factor prepro sequence with the interferon gene had 
been determined and indicated that the sequence coding for the 8 unwanted amino 
acids had been deleted. Tnese results are shown at Notebook 1576, pages 1-4. (Singh 
Exhibit. 4, Notebook 1576, Bates Nos. 000146, 000148-000151.) On February 17, 
1983, I inscr^c the gel of the C-nack experiments into my Notebook 1576 ar page 5 
(Singh Exhibit 4, Notebook 1576, Bates No. 000152), and on February 19, 1983, 1 
noted in Notebook 1576, ai page 6 (Singh Exhibit 4, Notebook 1576, Bares Nos. 
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000153) thai I would sequence one' of the three mutant clones that appeared to have 
the desired deletion on the basis of the C-tracidng data. 

60. On February 25, 1983, I isolated the EcoRI fragmcni having the 
deledon. (Singh Exhibit 4, Notebook 1576, Bates No. 000156.) This fragment was 
insened into the plasmid YE?9T to create p76. J. Lugovoy's Notebook shows the 
restriction map of p76. (Singh Exhibit 20, Notebook 861, Bates No. 000425.) 

61 By February 27, 1983 a similar expression plasmid. p77, was 
constructed by inserting the EcoRI fragment with the desired deletion into plasmid 
p70. The restriction map of p77 is on page 12 of my Notebook 1576. (Singh Exhibit 
4, Notebook 1576, Bates No. 000159.) 

61 From Febraary 27, 1983 to March 9, 1983, June Lugovoy transformed 
yeast strain 20B-12 wiih piasmids p76 and p77. She isolated the yeast nansfencanrs, 
prepared extracts of yeast and then submitted the culture supemaiants and the cell 
extracts to the Assay Group to determine expression and secretion of interferon by the 
transiormanc. (Singh Exhibit 4, Notebook 1576, Baies Nos. 000160 and 000162) 
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•63. On March 10, 1983, 1 reported in my Notebook me result of 
radioimmunoassays for tPA from yeast having either plasmid p72 or p68, as shown in 
Notebook 1576, page 14. (Singh Exhibit 4, Notebook 1576, Bates No. 000161.) 

64. On March 11, 1983, 1 recorded the results of interferon bioassays of 
fermentations of yeast having plasmid p76 and p77. The interferon assays were 
performed on March 9. 1983. I dearrnined that yeast having plastnid p76 or p77 
secreted interferon into the supernatant. (Singh Exhibit 22, Notebook 1563, Bates No. 
000435; Singh Exhibit 4, Notebook 1576, Bates No. 000162.) 

65. In order to determine whether die EFN-D protein after processing had 
the correct N-terminal sequence. I needed to have the product expressed by p76 
sequenced. On March 14, 1983. 1 dialyzed the medium from a p76/Pe? 4 fermentation 
for amino arid sequencing- I pasted into my Notebook the procedure from Jeanne 
Perry (Singh Exhibit 4, Notebook 1576, Bates No. 000163). I previously had sent the 
yeast strain having the p76 plasmid to Fermentation. (Singh Exhibit 27, Bates No. 
000502-000508) 

66. On Anrii 21, 1983, in order to separate the a-facior promoter from the 
a-factor precro sequence so that the promoter could also be used independently of 
secretion siznais to direct the expression' of various genes, I requested the synthesis of 
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a 26 mer a-factor promoter sequence, TATCGATTTCATACACAATA7AAACT; and 
a 31 mcr a-fauor promoter sequence, 

GATACCTAAAGTATGTtjTTATATTTGAGATC Tne reference number for the 26 
mcr sequence was DI680-13A. Tae reference number far me 31 mcr sequence was 
D1680-13B. (Singh Exhibit 6, Log Book, Bates No. 000189,-Singii Exhibit 8, 
Notebook 1507, Bates No. 000196.) 

67. On May 6, 1983, in order to separate the ofactcr prepro sequence from 
the a-faaor promoter so mat the c-factor prepro sequence could be used 
independendy, I requested the synthesis of a 24 mer a-faaor signal #2 sequence, 
GTGAAAATAGATGGGAATCTCATG. The reference number for the 24 mer 
sequence was D1680-15B. (Singh Exhibit 6, Log Book, Bates No. 000189; Singh 
Exhibit 9, Notebook 1798, Baies No. 000198) 

68. On May 7, 1983. I received the results of a May 5, 1983 assay for 
interferon on the interferon' a- i samples from the p76720B-12 fermentanon performed 
by J. Wulf. Jeanne Perry isolated the interferon from the fermeniarion media. A 
Tn ^ rTm ^, n c-vl iy<^ bioassay was coriduaed on the isolated leukocyte interferon from 
the fermentanon samples, as shown in my Notebook 1576 at page 26. (Singh Exhibit 
4, Notebook 1576, Bara No. 000173.) Tne yeast having the p76 piasmid were 
producing interferon which was accve. 
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DECLARATION OF DR. ARJUN SINGH 

69. On May 11, 1983, in order to separzre the c-facior prcpro sequence 

i 

from the a-faeiar promoter so thai die c-factor prepro sequence could be used 
independently, I requested the synthesis of a- 32 zner cx-factor signal #1 sequence, 
AA7TCATGAGATTCCCATCTA 1 i i l CACTGCA. Tne reference number for the 32' 
mcr sequence was D 1680- 15 A. (Singh Exhibit 6, Log Book, Bates No. 0001S9; 
Singh Exhibit 9, Notebook 1798, Bates No. 000198.) 

70. On or about June Z 1983, BHlKohr told me the' sequence of the 
interferon secreted from yeast czUs having the a-factor with the deletion linked to the 
EFN gene (p76). Mature interferon without the preceding eight amino acids was 
indicated because the *N-terminai sequence was Cys Asp Leu Pro Glu Trp His Scr Leu. 
This was consistent with the data shown in Singh Exhibit 12, Bates No. 000237- 
000256. This confirmed that the plasmid p76 which did not have the codons for 
amino acids giu ala giu aia after the lys arg codons in the spacer could be used to 
produce correctly processed proteins in yeast. 

v 71. I further declare that all statements made of my own knowledge are 
true, and all statements made on information and belief are believed to be true, and 
further that these statements were made with the knowledge thai willful false 
statements and the like so made are punishable by nnc or imprisonment, or both under 
Section 1001 of Tide 18 of the United Scares Code, and that such willful false 

-26- 
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ETTHJSOH SIOASSJLT'BAXA. 'SHEZI 



, " Assay Sunber:_ 
■P. Date TVM-^' ? -f «-f -ftS • ' " 




GENENTECH 
INTERFERON BIOASSAY 

ASSAY NUMBER: BK-239B 
DATE OF ASSAY: 9/14/92 

SAMPLE VOLUME =20 

STANDARD: LlF-A . 1SOO ' 

ACTIVITY OF STANDARD <U/ML> -1500 

END POINT WELL: 8.5 

DILUTION AT ENDPO INT= 1920 
CONVERSION FACTOR™ • 78 1—5 

NAME OF ASSAYER: ARJUN SINGH 

SAMPLE* • gNP PJ ^ U NITS/ML COMMENTS- 

>u . >eooo 



3 
4 
5 
6 

[ND of assay 



>11 >8OO0 

>t l >8OO0 

9 m s 3000 

7*. 5 730 
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QENENTECH 

INTERFERON BIOAESAY 

ASSAY NUMBER: BK-290F 
DATE OF ASSAY: 9/15/32 

SAMPLE VC]LUME=20- 
STANDARD: LIF-A 

ACTIVITY OF STANDARD <U/ML)=1500 
END POINT WELL: 8.5 

DILUTION AT ENDPOINT=l?20 
CONVERSION FACTOR=.7S12S 

NAME OF ASSAYER: ARJUN SINGH 
SAMPLES END PT. UNITS/ML COMMENTS 
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i 

3 
4 
5 
6 
7 
S 
9 

10 
11 
12 

13 ■ 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 
2B 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 

' 39 
40 
41 



>11 
>11 
>11 
>11 
>11 
>11- 
>11 
>11 
9.5 
7.5 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>11 
>U 

10.5 
>il 
10.5 
9.5 
10.5 
Mi- 
ni 
>11 
11 
9.5 
>U 
>11 
>U . 
" >11 

>u 
>11 
>11 
>11 

9 
S 

3.5 



>8000 
>BOOO 

>eooo 

>S000 

>eooo 

>80CO 
>8000 

>eooo 

3000 

750 
>8000 
>8000 
>BOOO 
>8000 
>8000 
>8000 . 
>S000 
>8000 
>8000 

>eooo 

6000 

>eooo 

6000 
3000 
6000 

>eooo 
>eooo 

>8000 
SOOO 
3000 

>eooo 
>eooo 

>8000 
>8000 
>8000 

>eobo 
>eooo 
>eooo 

2000 
1000 
47 



TOXIC 


TO 


WELL 


3 


TOXIC 


TQ 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


3 


TOXIC 


TO 


WELL 


1 
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ASSAY NUMBER: 8K-291G 
DATE OF ASSAY: 9/16/82 

SAMPLE V0LUM£=2O 
STANDARD: LIF-A 

ACTIVITY OF STANDARD <U/ML>=1500 
END POINT WELLs 8.5 

DILUTION AT ENDPQ I NT= 1 920 
CONVERSION FACTOR=. 73125 

NAME OF ASSAYER: ARJUN SINGH 

SAMPLE* END PT. UNITS/ML COMMENTS 



4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
.15 
16 
17 
18 
19 
20 
21 

23 

24 

25 

26 

27 

28 

29- 

29 

30 

31 



34 
35 
36 
37 
38 
39 
40 



>11 

>11 
10 
9.5 

Ml 

>ll 

>11 

>11 
6.5 
4.5 
6.5 
7.5 
5.5 
4.5 
6.5 
7.5 
7.5 
8.5 
3 

1.5 
. 8 
8.5 
8 
' 7 
8.5 
8.5 
9 
9 



7.5 
6.5 

>ii 
>u 
>n 
>n 
>n 
>u 
>u 
>u 

7.5 
6.5 



>eooo 
>aooo 

4000 
3000 

>aooo 
>sooo 

>8000 
>8000 
375 
94 
375 
750 
168 
94 
375 
750 
750 
15O0 
31 
12 

10O0 
1SOO 
10O0 
. SOO 
1500 
1 500 
20O0 
2000 

— see- 



TOXIC TO WELL 1 



750 
375 
>SOO0 
>8OO0 

>eooo 
>eooo 
>eooo 
>aooo 

>8OO0 
>8000 
750 
375 



TOXIC TO WELL 1 
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SAMPLE* END PT. UNI7S/H L COMMENTS 



41 
42 
43 
44 
4S 
46 

END OF ASSAY 



7.5 7S0 

S.S 1500 

6.S • 373 

6.S 375 

a too© 

6 2S0 
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DECLARATION OF WILLIAM KOKR 
the sequence determination, and it was my practice to dare the standard form with the 
date of the first sequencing run, as determined from the output tape. 

6. Although neither of the completed ssndartf forms described in the 
following paragraphs 7. 2nd 3. is signed, I recognize the handwriting as my own, and 
acknowledge that it was my practice to complete these forms on or about the day thai 
I determined the amino acid sequence of a protein. Thus, if a standard form is daied 
October 1, 1982, it means that I completed the amino acid sequence determination for 
that protein on or about October 1, 1982. It was also my practice to report the results 
of my sequence determination to the person who had requested the determination 
wiihin a few days of obtaining my results. 

7. • On or about October. I, I9S2 I reported to Anun Singh the'N-tenninal 
sequence of the processed IFN-D expressed by p60 yeast transfonnants. It contained 
8 additional amino acids which correspond to the four amino acids of the linfcer 
resion of the c- factor prepro/linker region and the four amino acids at the beginning 
of the IFN-D gene. These amino acids were Glu Ala GIu Ala Leu Glu Phe Met. I 
know this, because this is the amino acid sequence indicated on my standard form 
dated October 1, 1982 found in Singh Exhibit 11, Bates Nos. 000201-236. This 
standard form is accompanied by the output from the sequencing runs, also dated 
October 1, 1982. 
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8. ' On or about Lie rime I reported my October 1, 1982 results to Aqua, 1/ 
.chcisssd these results with nisi. I remember thai Aqua was excited about the 
results, since it was clearly interferon. I remember that Arjun was expecting the 
additional Glu Ala sequences, aad I remember talking with Arjun about strategies to 
modify the DNA to dimiaaa the Glu Ala's, although I do not remember any cesiis 
of how he proposed to do this. 

9. On or about June 2, 1983 I reported to Arjun Singh the N-terrninal 
amino, acid sequence of the interferon secreted from yeast ceils having the a-factor 
with the deiedon linked to the IFN gene (p76). Mature interferon without the 
preceding eight amino acids was indicated. I know this, because the N-terminil 
sequence mdkated on the standard form dated June 2, 1983 was Cys Asp Leu Pro 
Glu Tr? His Ser Leu. This standard form is dated June 2, 19S3 and is accompanied 
in Singh Exhibit 12, Bates Nos. 000237-256, by the output from the sequencing runs, 
which are dated June 2 and 3, 1983. 

10. When I reported the June 2, 1983 results to Arjun, I remember 
discussing with Arjun that his experiments removing the DNA encoding the additional 
ammo adds had been 'successful so that mature interferon having the correct N- 
terminal sequence was secreted. 

11. I further declare that ail statements made of my own knowledge are 
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G0Q203 
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GOQ205 
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QmniScribG 



G00216 
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>23.3 

It 

RUH * 535 
ID 3*1 



0CT/*1/Sc 14*53-43. 



AREA-: 
f;T 

h.53 

W.34 
. .1.31 

£.43' 
4.54 

7.4* 
3.35 
19.63 
12.13 
14.57 
17.54 
13.4? 

• 13.64 
2*. 3? 
■22.23' 
22.32 
24.27 
25.46 
27. S4 

.. 38.33 



AREA 
S3575** 
32545** 

4357489 
1.S443E+93 
£71918 
3SI2399 
l.5l32E+8$ 
7.5534E+87 
33332 £• 



4323486 
.1248389 
2438398 
1774388 
7433489 
1S3B79 
122IS8 
48384S 



TOTAL ARE_3= 4 :4315^:98 
- RUL' F*C7uR=. L: 
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A. ^ 

RUN 9 535 XT. '8 1^2 1S = 11 --44 
ID 831 



? 


:T 




hSEh 


TYPE 


fifi/KT 










3118288 


&V 


5.275 


2.381 


** 


§G 




15415598 


V,' 


8.25:2 


1.723 


i . 


74 






YV 


8.437- 


8.633 


w 


TC- 




767828 


VP 


8.736 ' 


8.716 


4 


42 


i 


.33 186+87 


p£ 


8.735 


13.813 








1514188 


sv 


8.332 


1.412' 








2132188 


TV 


1.137 


2.845 


16 






283388 


VP 


8. 344 


• 8.13? 


12. 


15 


4 


3535E+67 


pv 


1 .333 


45.2S3 


14. 






753 1388 


vs 


8.334 


7. 175 


17 






1453888 


sv 


Q.45S 


1.3£2 


ra 


41 




3216288 


t •« 1 
T T 


8.432 


3.898 


13 


33 




■483718 


YP * 


9.342 


8.451 


29 


SL 




2S1788 


PP 


8.735 


8.244' 


22 


21 




1423o38 


PY 


8.4S7 


.'• > P.3ESr> 


22 


3.1 




3128188 


W 


9.612 


2.311 


24 


23 


1 


.82B3E+67 


VB 


8. 537 


3.558 



; i 
i 

TOTAL AREfi= 1.872BE-M33 - " 



XUL FftCTDR= i.8888E^88 
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ST • 



ID 331 



OCT/* 1 /3c 17:23:4* 



AREA2 



RT 


AREA 


TYPE 


fiR^KT 


area:-: 


8.58 




PV 


8.241 


1.117 


6. 56 ^ 


1S34588 


W 


8.^84 


3.5?3 


2.37£ 


3724S88 


VB 


*.433 


7.235' 


4.54 


2323S88 


PV 


8.Z44 


4.561 


7.38 


234798 


PV 


6.337 


8.577 


$ . 1 v 


249756 


■ W 


8.33S 


.8.472 


$.73 


164838 


w 


9 .489 


8.321 


5.84 


1618$* 


Ve 


8 . 352 


■ 6.1*8 


12. be 


$472368 


vv 


8.541 


16.523 


13.34 


?2S5688 


w 


1.682 


13.147 


14.34 


1264388 


VP 


9.411 


2.476 


17.42 


1582168 


w 


8.46o 


3. 382 


13.41 


3473888 


vv 


8.428 


6.882 


■18.93 


362579 


.w 


8.325 


8.718 


23.47 ' 


155738 


PV 


8.468 


* 8-;385 *7 


2d. 55 


1542S8 


VP 


9.335 


8.382 


22.81 


1833889 


PV 


8.436 


2.823 


St. 46 


422148 


vv 


8.216 


6.327 


2*2.74 


1443988 


' W 


8.513 


'2.848 


24.11 1 


3765E+87 




a 


26.359 



TOTAL AftEA=_5.1853E+97 
■ i\JL FACTOR— 1.8868&+98 




A465 



fit-/-* 




0* 

SUM S S33 
ID S3 1 

AREA* 

9.48 

2.31 
"4.5$ 

$.7? 
12.57 
13.25 
14.?! 
15.86 
15.72 
17.46 
13.46 
22.17 
22.76 
'24.16 



AREA 
2533*8 
ii 33888 
1237788 
1152288 
235468 
7255596 
2112298 
1122186 
23145* 
13*43* 
155358* 
313288* 
2558888 
827978 
.3484E+67 



3 



■JCI^l^SE 15 = 47^4x- 



TYPE 

ye 

BE? 
F-V 
SV 
&V 
YV 

vv 
vv 
w 

W 

vs 
&v 
vv 

YY 



*e.i7? 

h.c'45 
8.4SS 
h.?2? 
8.522 
«.456 
6.752 
6.455 
*.58S 
8.4** 

e.445 

8 . 475 
8. 578 
6.426 
3.524 



area:-: 
6.717 
*.;52 
3.595 
3.21S 
8.513 

IS. 777 
5.751 
3.854 
6.678 
6.273 
4.242 
?.553 
5.*54 
2.444 

35.639 



TOTAL AREA= 3.5743E+.97 
WJL FACT0R= -1.98e8E+ee 



COG220 



A466 




) 




ijrM 



ID 



3 323 
$31 



ecu--* £e:fi5:5e 



P:T 

8.43 
-A.74 
. 2.33 
4.65 

1Z.S3 

14.54 

15. 

16.77 

17.51 

13.58 

2?. 25 

22.83 

24.28 1 



223568 
17237*8 
1353268 
S58358 
276338 
6851*8 

4668888 
672256 
356498 
225556 
177458 
14761*6 
236316* 
2253688 
3611389 
.3773E+37 



TYPE 

EV 
' VY 

vs 

BV 
PV 

w 

YV . 

w 
w 
w 

YV 
W 
YV 
EV 
YV 
VB- 



TOTAL hF;EA= 3.5335E+97 
WJL FACTuR= 1.8886E+88 



ARvHT 

h . 332 

6.76S 
8.454 
6.733- 
.465 

.esi 

. 5*7 
,277 
.433 

.**:i 

9.512 
6.356 
8.647 
8.S2S 



6. 
6. 
ft. 
6. 

8. 
6. 



ftfiEflS 
6.676 
4. £75 
3.837 
2.4*5 
8.732 
1.33-3 
11.4:36 

i .j?ei 

2.S13 
* . 633 
6.582 
4.175 
3.333 
6.333 
18.214 
38.374 



'.7;::..T*»\r r V 



G0Q221 



A467 




ID S3! • 



ftREfi'*: 



F:T 




TYPE 


mF;.'HT 


ARES* 


»3.41 


3328S6 


PV 


6.162 




a. 71 


*4'?1?h 


VS 




2\$18 


£.37 


27*34 89 


EE 


6.511 


S.246 


4.61 


543729 


E-V 


6.6*2 


1.618 


12.49 




YV 


8. 47* 


7.298 


13.56 


55? 17m 


vv 


6.83<S 


1.685 


14.87 


1167368 


YV 


8.622 


3.456 


15.73 


327646 


w 


9 +cl 


6.978 


16;73 


469649. 


- vv 


8.579 


1.396 


17.58 


133259* 


vv 


9.522' 


3.945 


13. ei 


364479 


. w 


8.212 


6.991 


IS. 53 


3272899 


vv ' 


9.666 


9.63$ 


21.15 


723466 


vv 


8.788 


2.142 • 


22.31 


3968389 


• VV " 


8.734 


9 . 883 


22.63 


1333189 


w 


8.458 


3.546 


24.32 


L3936E+6? 


VY 


8.656 


41.253 ■ 



> 

TOTAL Afc£A= 3.37S2E+97 
KUL FAC70R= 1.8869E+89 
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RUN « 541 

■ID • SSI 

9.44 
t*. 73 
c.33 

7. SI 
3.7? 

14. Si 
15.72 
16.72 
17.. 51 
13.62 
13.53 

• 19. 

• 29. 
21 



C/7 



0C7^I-/S2 £2: 4 1:52 



AfcEA TWE 



373558 
124**?** 
l?84o99 



.83 
.23 



22.47 
24.46 




FV 
VS 
R> 
FV 

w 

Yd 
VP 

w 
vv 

YV 

w 
w 
w 

' YV. 

■ YV 
W 
'/V 
YV 



fiE/KT 

h.173 
8. 131 
9.521 

e.Sci 

8.438 

e.b47 
a.t£2 

9.587 
9.i£6 
6.681- 
9:614 
8.419 
9.579 
9.312 
•9.643 



area:: 

1.147 

3.53? 

5.S43 

1.4833 

2.768 

1.376 

5.778* 

2.798 

1.146 

i-.5£7 

3.639 

9.579 

3.277 

8.396- 

8"463' 

"1.834" 

16.885 

41.416 



TOTAL AREA= 3.2563E+87 
MUL FACTOR= T.8ae8E+88 " 




. ...... 



G00223 



A469 



r 



ID Syi 



1. 



•jCVei/*c £3=55 = 54 



AREA* 
?T 

m.37 
8.71 
£.23 
4 55 
7. S3 
S.34 
S.75 
' 12.33 
14.73 
.lS.fi 
17.45 
17. ?5 
18.59 

29.6° 

22.33 
22. S3 
24.24 



AREA 
353*1* 

7424M 
374438 
5*862* 
1*861** 



1SI94* 
5748c*> 

1*23288 

2544788 
18947*8 
3 .483IE+87 



r.Tt 

BY 
yv 

V6 

kv 

vv 

w 

vv 

PV 
YV 
fcV 

w 
vv 

VP 

w 

vv 

VP 



ftft/HT 

e.i4i 

5.573 

ft. 375 

8 .575 

*.453 

8.435 

8.346 

8.235 

8.465 

8.433 

8.456 , 

8.788 

8.432 

8. £37 



*R£A-\- 
1.133 
5.3S4 
5.2S2 
1.351 
2.34? 
i.134 
1.773 

2.467 
8.47S 
1.815 

6.4?e 

6.182 

e.5?5 

8.849- 
3.463 
44.578 



TOTAL AriA= 3. 1615E+87 
HUL FACT0R= 1.8886E+88 




A470 



2,. s 



RUH i 

10 S51 



uC7^c>1:<: 91:17=55 



ST 




Vff'E 


fcfcvHT 


AREA* 


- 9.33 


3*1 M* 


KV 


M 


1S4 


9.923 


9.65 * 


1634999 


Vb 


9 


175 


4.476 


2.29 


17li?589 


B8 


K 


46-3 


4.798 


4.41 


192SS99 


PV 


H 


9*3 ' 


2.811 


7.54 


996388 


YY 




661 


2.431 


7.99 


' 414699 


W . 




Z^Z 


1.135 


=5.45 


665129 


w 


8 


.622 


1.657' 
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